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EvaluatingGerm Plasmfor BeefProduction,Cycle r
ProgressReportNo. 3
U.S.MeatAnimalResearchCenter
Becauseof the largenumberof combinationsof
productionresourcesand variationsin beefmarket
requirements,one type of cattlewill not be most
efficientin all productionsystems.Thewide spec-
trumof cattletypesavailablein theworldoffersthe
opportunityof quicklymatchinggeneticresources
with productionand marketrequirements.Char-
acterizationof availablegeneticresourcesfor eco-
nomicallyimportantraitsis necessaryif we areto
usethisopportunitywisely.Initially,changein pro-
ductioncharacteristicsanbe madpmorerapidlyby
usingexistingvariationamongbreedsthanby se-
lectingwithin breeds.However,selectionwithin
breedsremainsthe primarymethodfor continuing
changein averagegeneticmerit.
In 1969a germplasmevaluationprogramwas
startedattheU.S.MeatAnimalResearchCenter.The
primaryobjectivewasto characterizebiologicaland
environmentalrelationshipsamongproductiontraits
relatingto growth,feeduseefficiency,carcasscom-
positionand quality,reproduction,maternaltraits,
andcarcassandmeattraits.Breedsor breedcrosses
form an identifiablesourceof biologicalor genetic
variationin productiontraits.
The firstcycleof breedcrosses(CycleI) resulted
from artificialinsemination(AI) of Herefordand
Angus cows by Hereford,Angus, Jersey, South
Devon,Limousin,Charolais,and Simmentalbulls.
The HerefordandAnguscowswerepurchasedas
calvesfromcommercialproducers.A largenumber
of sireswereusedin theprogram:32 Hereford,35
Angus,33Jersey,27SouthDevon,20limousin,26
Charolais,and 27 Simmentalbulls. Herefordand
Angussiresweresampledfromthoseselectedon
individualperformancebyAI organizationsfor their
progenytestingprograms.Jersey bulls were se-
lectedat randomfromtwocommercialAI organiza-
tions,andtheSouthDevonbullsweresampledfrom
an importationmadein 1969by a commercialor-
ganization.Charolais,limousin,andSimmentalbulls
weresampledfromthoseavailablefromcommercial
organizations.In addition,limousinandSimmental
semenwasobtainedfromtheCanadaDepartmentof
Agriculture.No progenytestresultswereavailable
on anyof thebullsat thetimetheyweresampled
for thisprogram.
Resultsof analysisof datacollectedin various
phasesof CycleI andconclusionsarepresentedin
the followingsix sections:t. Birthand Growthto
Weaning;II. PostweaningGrowth and Feed Effi-
ciency;III. CarcassComposition,QualityandPalata-
bility; IV. Growthand Pubertyof Heifers;V. Esti-
mating Retail Product;VI. PredictiveValue of
QualityGradeFactorsfor PalatabilityCharacteristics.
BIRTHAND GROWTH TO WEANING2
Gerald M. Smith3
Thissectionreportsresultson thecharacterization
of the life cycleperformanceof Hereford,Angus,
Jersey,SouthDevon,limousin,Charolais,andSim-
mentalcrosses.Examinedwerebreeddifferencesin
1U.S. Meat Animal ResearchCenter,Agricultural ResearchService,
U.S. Departmentof Agriculture, Clay Center, Nebr. 68933; Stan-
dardization Branch, Agricultural Marketing Service, U.S. Depart-
ment of Agriculture; KansasState University,Manhattan;and The
University of Nebraska, lincoln; cooperating.
gestationlength,birth weight, calving difficulty
(dystocia),cal~mortality,preweaningrowth,andthe
interrelationshipsamongthesetraits.Dataare re-
2Resultspresentedherewere takenfrom Gerald M. Smith,D. B.
laster and Keith E. Gregory.Characterizationof biologicaltypesof
cattle. I. Dystociaand preweaninggrowth. J. Anim. Sei.43~(1976).
Personsdesiringa more detailedstatisticalevaluationare referred
to this paper.
8Researchgeneticist,U.S. Meat Animal ResearchCenter, Agri.
cultural ResearchService, Clay Center, Nebr. 68933
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portedon 2,368calvesbornattheU.S.MeatAnimal
ResearchCenterin 1970,1971,and 1972aspartof
theGermPlasmEvaluationProgram.
Experimental Procedure
Cowsweremaintainedon improvedpasturesand
fed hayandsilageduringthewinter.All cowswere
managedto producetheirfirstcalfas2 yearolds-
theywere2 to 5 yearsold in 1970,2 to6 yearsold
in 1971,and3 to 7 yearsold in 1972.Numbersof
birthsfromcows'thatwere2, 3, 4, and5 or more
yearsoldwere746,567,359,and696,respectively.
CalveswerebornfromlateFebruarythroughearly
May,all calveswereweighed,andmaleswerecas-
tratedwithin24 hi-of birth.Earlymortalityincluded
deathsat or within24 hr of birth;latemortalityin-
cludedcalvesthatdiedfrom24 hr afterbirthuntil
weaning.Calveswere creepfed whole oatsfrom
mid-Julyuntil weaningin lateOctoberat about7
moof age.Creep-feedconsumptionaveraged286,
308and304Ib/calf in 1970,1971,and1972.
Cowswereobservedcloselyfor calvingdifficulty
throughoutthe calvingseaso.rt.Cows that calved
withoutassistanceandthosegivenminorhandas-
sistance,butdeliveredtheircalveswithouttheaidof
a mechanicalcalf-puller,wereclassifiedas no diffi-
culty.Thoserequiringassistancewith a mechanical
pulleror surgicalremovalof thecalfwereclassified
asdifficultbirths.
Results
Dataarepresentedby sirebreedgroup.Compari-
sonsof othersire breedswithHerefordand Angus
shouldbebasedontheHereford-Anguscrossbredsand
notthestraightbreds.Datafor straightbredHereford
andAngusarepresentedprimarilyfor evaluationof
heterosisin Hereford-Anguscrosses.Datafor Here-
ford andAngusdamsaveragedoverall sirebreeds
arealsopresented.
Gestationlength.-Breedgroupmeansfor gesta-
tion lengtharepresentedin table1.The288.1day
gestationlengthfor Limousinwas longerthanthat
for the other crosses.Simmenta',Charolais,and
South Devon crosseswere similar in gestation
length;gestationlengthfor Herefordby Angusand
reciprocalcrossesand Jersey crosseswas shorter
than for other crosses.Calvesfrom Angus dams
averaged3.1dayshortergestationsthanthosefrom
Hereforddams.StraightbredAngus averaged3.9
daysshortergestationthanstraightbredHerefords.
Calf sexanddamagealsosignficantlyinfluenced
gestationlength.The1.7daylongergestationlength
- --- - - - - --
for males(285.7vs.284.0)wassimilarto previous
studies.Gestationlengthfor 2-, 3-,4-, and~5-age-
of-damsubclasseswas 283.5,285.0,285.4 and
285.5days,respectively.
Birth weight.-Charolaisand Simmentalcrosses
wereheaviestatbirthandJerseycrosseswerelight-
est(table1).LimousinandSouthDevoncrosseswere
similarin birthweightsandintermediatebetween
CharolaisandSimmentalcrossesandtheHereford-
Anguscrosses.StraightbredHerefordcalveswere
8.4 Ib heavierthanstraightbredAngus;a compar-
able4.4 Ib heavierbirthweightwasfoundfor all
calvesfrom Hereforddamsthanfor calvesfrom
Angusdams.Maleswere5.9Ib heavieratbirththan
females(80.0vs.74.1).
Calving dimculty.-Jerseyand Hereford-Angus
crossesexperiencedlessdifficultythanothercrosses,
andLimousincrosseshadlessdifficultythanCharo-
lais crosses(table 1). Levelof calvingdifficulty
associatedwithdifferentsirebreedsdependedupon
ageof thecow.Jerseycrossesfrom2-year-oldams
hadonly15percentdifficultycomparedto 66to 74
percentfor thefour largestbreedcrosses(Charolais,
Simmenta',Limousinand SouthDevon);however,
thesedifferencesweremuchlesspronouncedin ma-
turecows(table2). Plateauingof calvingdifficulty
in 4-year-oldcowsfor all sirebreedsexceptCharo-
laiscrossesandSimmentalcrossesindicatesthatonly
Table l.-8reed group meansfor birthtraitsand late
mortality
Gestation Birth Calving Mortality8
Breedgroup' No.2 length weightdifficultyEarly Late
HH 141
AA 166
Heterosis _
(H by A)
HA+AH ___ 375
JH+JA 302
SDH+SDA _ 232
LH+LA 371
CH+CA 382
SH+SA 399
H dams 1106
A dams 1262
Days
285.5
281.6
-.6
Lb PercentPercentPercenf
76.5 18 3.7 4.9
68.1 12 4.8 3.8
1.9 -4 -3.0 -2.9
282.9
281.8
285.6
288.1
285.9
286.3
286.4
283.3
11
5
27
24
34
29
24
17
1.3
2.6
6.1
5.1
9.6
6.8
5.4
4.8
1.5
4.3
3.4
4.3
5.9
4.3
5.0
3.0
74.3
64.6
78.9
79.8
85.1
83.8
79.2
74.7
IH=Hereford, A=Angus, J=Jersey, SD=South Devon, L=
Limousin,C=Charolais, S=Simmenfal;sire breed is first and dam
bleed is second.
2Numberof births.
~Earlymortality is within 24 hr of birth; late mortalityis from
24 hr after birth until weaning.
2
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Table2.-Breed group meansfor birthweight,calvingdifficulty
andweaningpercentageby ageof damsubclasses'
in theselargercrossesis increasedcow sizeafter4
yearsof anyadvantage.Thesharpdeclineincalving
difficultyfor limousincrossesin 3-year-oldcows is
worthnotingbutnotreadilyexpljtinable.Thisrather
low value(l0 percent)for limousincrossesis prob-
ablydueto chance,but it doessuggesthatthe72
percentlevel in 2-year-oldcows could, also by
chance,be somewhatoverestimated.
Patternchangein calvingdifficultyrelativeto
birthweightwassimilaramongbreedgroups.Diffi-
culty increased.74 percenton the averageper 1
poundincreasein birthweight.Examinationof birth
weightsandpercentageof calvingdifficultyby age-
of-damclassessuggeststhatthe increasein calving
difficultyas birthweightincreasesdependson age
of dam.Theseincreaseswere 1.5,0.7,0.4,and0.2
percentper poundincreasein birthweightfor 2-,
3-, 4-, and 25-year-oldcows.Calvesexperiencing
difficultbirthsaveraged4.9 Ib heavierthancalves
bornwithoutdifficulty(table3).Thisdifferencewas
fairly consistentamongsire breedsand seemingly
notexplainedby the small(0.6day)differencein
gestationlength.
CalvesfromAngusdamshadfewerdifficultbirths
thanthosefromHereforddams.Heterosisof thecalf
hadnosignificanteffecton levelof calvingdifficulty.
Afterdifferencesin birthweightwereaccountedfor,
neitheryearsnordambreedsignificantlyinfluenced
thedifficultylevel.Suchwas notthecasefor sires.
After removingaveragedifferencesin birthweight
withinbreeds,variabilityin difficultylevelbetween
sireswas still highlysignificant.The natureof this
remainingvariationis notknown,butdifferencesin
calfshapemayaccountfor a partof it.
Calvingdifficultywas 12percentlessfor female
thanfor malecalves(26.4vs. 14.8).The increased
difficultyassociatedwithmalestendedtobegreatest
in youngcowsandin sirebreedswithhighermean
difficultylevels,that is, Simmentaland Charolais
crosseswereaffectedmostby calf sex.Thediffer-
encebetweenmalesandfemaleswas23 percentin
2-year-oldcowsand7 percentinmaturecows.
Calfmortality.-Deathlossesator within24.hrof
birth averaged5.1 percent(table1). losseswere
highest(9.6percent)for Charolaiscrossesbut not
Table3.-Breed groupmeansfor gestationlength,birth
weightandearlymortalityby
calvingdifficultysubclasses'
3
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Birth weight (pounds) Calvingdifficulty(percent) Calvesweaned(percent)
Breedgroup2 2 3 4 25 2 3 4 25 2 3 4 25
HH __________ 73.4 72.5 78.7 81.1 51 12 5 3 85.2 88.3 94.9 96.4
AA _u__n_u 66.2 67.5 67.9 71.4 37 6 1 .4 85.1 95.3 93.1 94.1
HA+AH _____ 71.7 71.9 75.2 78.3 41 5 0 0 89.9 96.9 99.1 100.0
JH+JA n_____ 62.2 63.7 64.6 68.4 15 5 0 0 90.2 91.8 91.8 97.3
SDH+SDA nn 75.4 77.8 78.7 83.6 68 24 9 9 79.8 90.8 98.7 91.6
lH+lA 'n____ 74.3 77.4 82.9 84.5 72 10 4 9 79.7 93.7 91.5 96.5
CH+CA ______ 79.2 83.6 88.2 89.3 74 31 22 9 74.0 87.8 90.7 86.9
SH+SA ______ 77.6 83.1 85.8 88.2 66 24 15 9 85.1 86.7 90.1 92.8
H dams ______74.3 77.4 80.9 83.8 59 20 12 6 81.8 88.2 93.0 93.9
A dams ______ 71.4 73.4 75.9 78.5 50 11 3 5 85.1 94.5 94.4 94.8
lAge of damequals2, 3, 4 or 25 years.
2H=Hereford, A=Angus, J=Jersey, SD=South Devon, l=limousin, C=Charolais, S=Simmental;
sire breed is first anddam breed is second.
8Percentagecalvesweanedof thoseborn.
Gestationlength Birthweight Mortality3-
Breedgroup" 0 1 0 1 0
Per- Per-
Days Days Lb Lb cenl cent
HH ___uun 285.4 285.8 76.5 77.8 4.4 2.7
AA ____un_ 282.1 280.8 67.7 76.5 3.0 13.7
HA+AH un 283.1 282.7 74.1 77.6 .6 5.1
JH+JA __n_ 282.1 281.8 64.8 71.9 1.8 9.1
SDH+SDA _u 285.0 286.4 77.2 82.7 4.7 12.0
lH+LA __u_ 287.4 289.7 77.8 84.2 1.5 17.3
CH+CA nU_ 285.4 286.6 83.1 88.9 3.4 20.0
SH+SA un_ 286.1 286.4 83.1 84.9 5.7 8.7
H damsn_n 286.2 286.7 78.3 82.0 3.1 11.1
A dams_____ 283.1 283.8 73.9 79.8 3.0 11.8
lNo calving difficulty=0; calving difficulty=1.
!!H=Hereford, A=Angus. J=Jersey, SD=South Devon, l=
limousin, C=Charolais, S=Simmental;sire breed is first and dam
breed is second.
"Early mortalityis within 24 hr of birth.
--"
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significantlydifferentfromthosefor Simmentaland
South Devoncrosses.Hereford-Anguscrosseshad
significantlyfewerearlydeathsthanallothercrosses
exceptJerseys.The .6 percentdifferencebetween
HerefordandAngusdamswasnotsignificant.
Calving difficultysignificantlyinfluencedearly
survival(table3);deathlossesof calveswithdifficult
birthswere 11.5percent;lossesfor calvesrequiring
. littleor noassistancewere3.1percent.Age of dam
did notsignificantlyaffectearlycalf survivalwhen
difficultydifferenceswereremoved.
late mortalitylosseswere 2 percenthigherfor
Herefordthanfor Angusdams(table1).Amongthe
sire breed group~,only Charolaisand Hereford-
Anguscrossesdifferedsignificantly.Only damage
was an importantinfluenceon survivalfrom24 hr
afterbirthuntilweaningwhentheeffectof calving
difficultywas removed.Whentheeffectof difficult
birthswas removed,latemortalitylossesin calves
from2-,3-,4-,and ~5-year-oldamswere9.4,3.9,
2.7, and 1.0. Calvesweanedas a percentageof
thosebornwhendifficulteffectsarenotremovedare
presentedby age-of-damsubct~ssesin table2. The
combinedeffectof Herefordby Angusheterosisfor
early survival(3.0 percent)and late survival(2.9
percent)wasan importantinfluenceinsurvivalfrom
birthto weaning(5.1percent).
200-dayweight and preweaninggrowthrate.-
Jerseycrosseswerelightestatweaningandhadthe
lowestpreweaningaveragedailygain(ADG)(table
4). Hereford-Angus,South Devon, and Limousin
Table 4.-8reed group meansfor weaningtraits
1H=Hereford, A=Angus, J=Jersey, SD=South Devon, L=
Limousin,C=Charolais, S=Simmental; sire breed is first and dam
breed is second.
2Relativegrowth rate equalspercentageincreasein body weight
per day.
--- - - --
crossesweresimilarforthesetraitsandintermediate
betweenthe Jersey-siredcalvesand the heavier,
more growthyCharolaisand Simmentalcrosses.
Thesedifferencesin 200-dayweight are due to
growthpotentialof the calves.Additionaldiffer-
encesassociatedwith milk productionin these
crossesilreunderinvestigation.
The20 Ib advantagein 200-dayweightof Angus
overHereforddamswassignificant,aswasthe18Ib
differencebetween straightbredHereford and
Angus.Heterosisin Hereford-Anguscrosseswasim-
portantfor bothADG and200-dayweight.Respec-
tivevaluesfor 2-,3.,4-,and~5-year-oldamswere
377,421,452,and467Ib for 200-dayweightand
1.52,1.72,1.87,and 1.92Ib/day for ADG. Steer
calvesgained.09 Ib/day fasterand were 25 Ib
heavieratweaningthanheifercalves.
Preweaningrelativegrowthrate(RGR)equalsthe
percentageincreasein bodyweightperday.RGRis
of interestbecauseit is relatedto differencein ma-
turingrateand shapeof growthcurve.RGRwas
greatestfor Jerseycrosses,followedby Hereford-
Anguscrosses.RGRwassimilarfor theotherbreed
crosses.RGRwas greaterfor straightbredAngus
thanfor straightbredHerefordsandfor calvesfrom
Angusdams.RGRwas .865percentbodyweight/
dayfor heiferand.856for steercalves.Respective
mean values for 2-, 3-, 4-, and ~5-year-olddams
were.823,.862,.878,and.877.
General.-Calvingdifficultyincreasedlinearlywith
birthweightacrossandwithinbreeqgroups.Higher
birthweightsarealsoassociatedwith higherantici-
patedmaturesizesandwith increasedpreweaning
growthpotential;however,the200-dayweightsof
limousinandSouthDevoncrossesare8 to 10Ib less
thanexpectedfromtheirbirthweights.Thelevelof
calvingdifficultyandthe associatedeffectsof calf
mortalityand loweredrebreedingperformanceof
thecowseeminglyprecludethecommercialuseof
largesire breedson youngcows.Lessobviousis
howmuchcalvingdifficultycanbetoleratedin ma-
turecowsin orderto gaintheincreasedgrowthre-
sponseof calvesbysiresfromthelargebreeds.This
studyfurnishesonlya partof thedatanecessaryto
answerthisimportantquestionin termsof totalpro-
ductionefficiency.
Conclusions
'1.Sire breedsshowed importantdifferencesfor
level of calving difficulty and preweaning
weightsand growthratesof their progeny..
4
-- -- ----- --- - -
200-day
Breed groupI No. weight ADG RGR2
Lb Lb/day Percent/day
HH ---------- 128 401 1.61 .826
AA __________ 147 419 1.74 .905
Heterosis --- 18 .09 .008
(H byA)
HA+AH ----- 365 428 1.76 .873
JH+JA ------ 279 404 1.70 .915
SDH+SDA ____ 212 428 1.74 .846
LH+LA _______ 335 432 1.76 .843
CH+CA ______ 342 456 1.85 .842
SH+SA ______ 368 450 1.83 .836
H dams_______ 1003 419 1.70 .B34
A dams____n_ 1173 439 1.83 .886
I
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a. Charolaisand Simmentalcrosseshad higher
preweaningADG andwereheavierat wean-
ing but also had largerbirth weightsand
morecalvingdifficultythanthe otherbreed
crossesevaluated.
b. SouthDevonandLimousincrossesweresimi-
lar in weaning weight to Hereford-Angus
crossesbutwereintermediatein birthweights
and more like Charolaisand Simmental
crossesin calvingdifficuHy.
c. Jerseycrosseswerelightestatbirthandwean-
ing andexperiencedmuchlesscalvingdiffi-
cultythanothercrosses.
2. Calving difficultyincreasedlinearlywith birth
weightacrossandwithinbreedgroup.
a. Averagedoverall age-of-damgroups,each1
Ib -increasein birth weight was associated
with an increasedcalvingdifficultyof .74
percent.
b. The increasein calvingdifficultyassociated
with.increasedbirth weight was 10 times
greaterin 2-year-oldcows than in mature
cows.
3. Breedgroupdifferencesin gestationlengthwere
significantbutdid notexplaindifferencein birth
weightor calvingdifficulty.
4. Hereford-Angusheterosissignificantlyaffected
birth weight(2.0 Ib), 200-dayweight(18 Ib),
ADG (.09Ib/day),andcalfsurvivalfrombirthto
weaning(5.1percent).
POSTWEANING GROWTH AND FEED EFFICIENCY.
Gerald M. Smith6
Postweaning rowthandfeedefficiencyof beef
steersare importantcomponentsof the net effi-
ciencyof beefproductionsystems.~Thewiseuseof
availablegeneticresourcesrequiresthatbreedsrep-
resentingdiversebiologicaltypesbe characterized
4Resultspresentedhere were takenfrom Gerald M. Smith,D. B.
laster, larry v. Cundiff and Keith E. Gregory. Characterizationof
biological types of cattle. II. Postweaninggrowth and feed effi.
cencyof steers.J. Anim. Sci.43 (1976).Personsdesiringa morede-
tailed statisticalevaluation are referred to this paper.
"Research geneticist, U.S. Meat Animal ResearchCenter, Agri.
cultural ResearchService,Clay Center, Nebr. 68933
for theseperformancetraits.Thissectionreportsre-
sultsonthepostweaningrowthandfeedefficiency
of 1,105 steers.
Experimental Procedure
Afterweaning,steerswereallowed25to30days
for conditioningbeforethestartof thefeedingtrial,
atwhichtimetheyreceivedthree,12mgdiethylstil-
bestrolimplants.Rationsfor eachof the3 yearsare
presentedin tab!e5.Steerswerefed freechoicein
outsidepensapproximately~Oby 210ft. Feeddis-
pensedintofencelinebunksfor eachpenwasmea-
suredwithelectronicscalesmountedonfeedtrucks.
Table5.-Postweaningrations
Calf crop,
year
1970
1971
1972
lEstimatedcompositionbased on National ResearchCouncil values for the 1970calf crop and proximateanalysisfor the 1971and 1972
calf crops; 100percentdry matterbasis.
2Theconcentrateincludedvarying amountsof ground shelled corn, groundgrain sorghum,and groundwheat.
3Supplementcontained42 percentcrude protein. Urea was used in the supplementfor the 1972calf crop.
4Metabolizableenergy.
5
Ingredients Rationanalyses1
Corn Concen- Supple- Crude Digestible
Period silage trate2 ment" protein protein TON M.E..
Percent Percent Percent Percent Percent Percent Mea/ilb
Nov. 17 to Nov. 24 _________________________89.0 7.5 3.5 11.8 9.0 72.0 1.18
Nov.25 to Jan. 10____n______n____________77.5 17.5 5.0 12.9 9.9 75.6 1.24
Jan. 11 to slaughternnn__________________60.0 35.0 5.0 12.0 9.6 79.3 1.30
Oct.25to Nov.22 ______n______nn________85.0 7.5 7.5 14.9 10.9 72.0 1.18
Nov.23to Dec.21 n____________n__n______75.0 18.5 6.5 14.0 10.1 75.6 1.24
Dec. 22 to Feb. 15 ________n________________60.0 32.0 8.0 14.6 10.6 78.0 1.28
Feb. 16 to slaughter____nn_n_n__________60.0 33.0 7.0 14.0 10.1 78.7 1.29
Oct.25 to Nov.21 ____n________n__nn____85.0 8.0 7.0 14.3 10.6 72.6 1.19
Nov.22 to Jan. 11n__n__________n________80.0 13.0 7.0 14.2 10.6 73.8 1.21
Jan. 12 to Mar. 8 ____________________n__n75.0 18.0 7.0 14.2 10.6 75.6 1.24
Mar. 9 to slaughter____________________nn60.0 33.0 7.0 14.0 10.6 79.3 1.30
Steerswereallottedto pensby sirebreedgroup,
exceptthatstraightbredHerefordand Anguswere
penned togetherand Hereford-Angusreciprocal
crosseswere pennedtogether.Breedgroupswere
randomlydivided into two penseachyear.Steers
wereweighedaboutevery28days.Approximately
one-thirdof the steersin eachsire-breedby dam-
breedsubclasswere slaughteredat eachof three
dates.Steerswer~weighedandremovedfromthe
pens2 to3 daysbeforeslaughter.Dayson feedfor
steersin eachslaughtergroupwere 190,218,and
246 for 1970steers;169,211,and 254 for 1971
steers;and194,226,and253for 1972steers.
Weightandgrowthratesfor a 180-daypostwean-
ing period were analyzedfor all steers.Initial
weightwascalculatedby averagedailygain(ADG)
duringconditioningtimes25 plus200-dayweight.
Final(405-day)weightequaledADG fromthestart
of the feedingtrial until the first slaughterdate
times180plus initialweight.ADG, relativegrowth
rate(RGR=percentageincreaseinbodyweightper
day), initialweight,and 40S~ayweightare pre-
sentedforeachsirebreedgroup.
Efficiencyof liveweightgain(IbTDNperIb gain)
was evaluatedfor three differentintervals:age-
constant(0 to 217 dayson feed);weight-constant
(530to 1035Ib liveweight);andgrade-constant(0
dayson feedto 5 percentribeyefat).Fivepercent
ribeye(/ongissimus)fatwasequivalento a marbling
scoreof averageSmall which slightly exceeded
minimalrequirementsfor USDAChoicegrade.A
1,035Ib liveweight(withoutshrink)was.approxi-
matelyequivalento a 635Ib carcassweight,which
wasneartheaverageof Hereford-Anguscrossbreds.
Averagetimeon feedwas217days.
Results
Dataarepresentedby sirebreedgroup.Compari-
sonsof othersire breedswithHerefordand Angus
shouldbebasedontheHereford-Anguscrossbredsand
notthestraightbreds.Datafor straightbredHereford
andAngusarepresentedprimarilyfor the evalua-
tionof Hereford-Angusheterosis.Datafor Hereford
andAngusdamsaveragedoverall sirebreedsare
alsopresentedfor weightandgrowthrates.
Growth
Rank and relativedifferencesof breed group
meansfor weightat the beginningof the feeding
trial (table6) were similarto those for 200-day
weightof thesesamesteersandtheirheifermates.
After 180dayson feed, Charolaisand Simmental
"- --
Table6.-Breed groupmeansfor liveweightsand
growthrates
IH=Hereford, A=Angus, J=Jersey, SD=South Devon, L=
Limousin,C=Charolais, S=Simmental;sire breed is first and dam
breedis second.
2Weightafter180dayson test.
3Relativegrowth rate is percentagechangein body weight per
day.
crosseswere heaviest;SouthDevoncrosseswere
nextheaviest;followedbyHereford-AngusandLim-
ousincrosses;Jerseycrossesweighedtheleast.The
rankingof breedgroupsfor 180-dayADG wases-
sentiallythesameasfor405-dayweight.Jerseyand
Limousincrosseswerenotsignificantlydifferentfor
180-dayADG.SouthDevonandSimmentalcrosses
hadthehighest18O-dayRGR,whereasLimousinand
Jersey crosseshad the lowest.Exceptfor South
Devoncrossesand the nonsignificantreversalof
Jerseyand Limousincrosses,breedgroupsranked
thesamefor RGRasfor ADG.Breedgroupranking
for preweaningandpostweaningrowthrateswas
similarfor ADG (r =.82) but not for RGR (r=
- .58).Breedgroupsthatrankedhighforprewean-
ing RGRbut low for postweaningRGRtendedto
reachpubertyearlierandto fattensooner.
Hereford-Angusheterosis(table6) wasimportant
for initialand405-dayweightsandRGRbutnotfor
ADG duringthefirst180dayson feed.Steersfrom
Angusdamswere heavierat the startof feeding
buthadlowerADGandRGRthansteersfromHere-
ford dams. Dam breed did not affect405-day
weight.
Growthcurvesare shownseparatelyby breed
.groupin figure1.Thesecurvesobtainedby regres-
sionof penmeansondaysfed agreewell withthe
analysisof individualsteerweightsfor the180-day
interval.SimmentalandCharolaiscrosseswerethe
6
-- -
Weight ReI.growth
Breed group1 No. Initial 405-day2 ADG ratea
Pounds Pounds Lbldoy Percent
HH n__:_nu_ 66 472 924 2.51 .375
AA n________ 84 496 926 2.38 .34B
Heterosis --- 22 24 .02 -.012
(HbyA)
HA+AH n__n 204 507 948 2.47 .3SO
JH+JA n____ 132 487 899 2.29 .342
SDH+SDAn__ 94 SOO 977 2.65 .374
LH+LA nn__ 173 514 944 2.38 .339
CH+CA ______ 176 542 1036 2.73 .361
SH+SA _u___ 176 527 1021 2.76 .371
Hdamsnn_n SOl 498 963 2.58 .369
A dams ______ 604 520 966 2.47 .345
I
t
I
I
1
largest,fastestgrowingbreedgroups,whereasJer-
seycrossesweretheslowestgrowing.SouthDevon
crosseswere fastergrowing than Hereford-Angus
andlimousincrosses,whichhadsimilargrowthpat-
terns.Therankingandrelativedifferencesof breed
groupsweresimilarfor postweaningrowthof the
heifermatesto thesesteers.
presentedin figures1 and2, wer~usedto deter-
minetherelationshipof TDNto liveweightshown
separatelyby breedgroupin figure3. The inter-
pretationof thesefeedconsumptionpatternsis best
examinedin termsof efficiencyof growthoverdif-
ferentevaluationintervals.
Age-constantefficiency.-Comparisonsof feedeffi-
ciencyfor time<onstantintervalsupto 250daysare
providedinfigure4.Meanfeedefficienciesof breed
groupsfor theage<onstantintervalfrom0 to 217
dayson feedaresummarizedin table7. Charolais
crossesweresignificantlymoreefficienthanJersey
Feedconsumptionand growthefficiency
Cumulativetotal digestiblenutrients(TON)con-
sumedrelativetodayson feedis shownin figure2.
Theregressionsof liveweightandTONondaysfed,
1200... HH+AA. STRAIGHTBREDHEREFORDa ANGUS
HA +AH .CROSSBREDHEREFORD-ANGUS
J .JERSEY-CROSSES
SD .SOUTH DEVON-CROSSES
L .LlMOUSIN-CROSSES
C .CHAROLAIS-CROSSES
S .SIMMENTAL-CROSSES
cD
...J
700
600
500
50 "100 150
DAYS ON FEED
200 250
Figure 1.-Postweaning weight vs. age curves.
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crosses.Evaluationof feed efficiencyoveran age-
constantinterval gives an advantageto breed
groupsthatgain rapidly relativeto weightbeing
maintained.The fact that breedgroupswith the
highestpostweaningADG were alsothe heaviest
throughouthe age-constantfeedingperiodtended
to reducebreedgroupdifferencesin feedefficiency
relativeto theweight-constantintervalof evaluation
(table7). Nonetheless,fastergainingbreedgroups
tendedto be more efficientthan slowergaining
breedgroupsinspiteof heavierweightsmaintained.
Weight-constantefficiency.-Figure5 provides
comparisonof feed efficiencyoverweight-constant
intervalsthatbeganat530lb.Whencomparedover
a 530 to 1,035Ib interval(table7),Jerseycrosses
were leastefficient,andCharolaiscrossesweresig-
nificantlymoreefficienthanall otherbreedgroups
exceptSimmentalcrosses.Feedefficiencymeasured
overweight-constantintervalsis increasedby ADG
- -- --_ Uh_.--
becausefewer daysof maintenanceare required.
Thecorrelationbetweenbreedgroupmeansforfeed
efficiencyanddayson feed(r=.94)indicatedthat
dayson feedaccountedfor 88percentof thevaria-
tioninefficiencyin theweight-constanti tervalfrom
530to 1,035lb.
Weight-constantevaluationof efficiencyalsofa-
vors breedgroupswhichare lessmature(thatis,
smallerfractionof maturesize)overthe intervalof
evaluationbecauseof theleanercompositionof their
gain. The decreasedefficiencyof feed utilization
duringthe feedingperiodobservedwithinbreed
groups(fig.4) is evidencethatcompositionof gain
influencesefficiency.Thenumberof daysrequired
to reach1,035Ib tendedto explainbreedgroup
differencesinweight-constantefficiency,excepthat
Limousincrosses-arelativelylean breedgroup-
weremoreefficientandJerseycrosses-arelatively
fat breedgroup-werelessefficienthanpredicted
H H .AA . STRAIGHTBRED HEREFORD a ANGUS
HA .AH .CROSSBRED HEREfORD-ANGUS
.J . .JERSEY- CROSSES
SD . SOUTHDEVON-CROSSES
L . LIMOUSIN-CROSSES
C . CHAROLAIS- CROSSES
S . SIMMENTAL-CROSSES
35
50
-- - -- --- ---
40
100 150
DAYS ON FEED
200 250
Figure2.-PostweaningcumulativeTDN vs. agecurves.
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Figure 3.-Postweaning cumulativeTDN vs. weight curves. Weight at 5 percentribeyefat shown by smallarrows.
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from their growth rates. These deviations and the
relative greater breed group differences in efficien-
cies over a weight-constantinterval,when compared
with other intervals, suggest that the fast growing
breed groups were aided by the leanercomposition
of their gain.
Grade-constantefficiency.-Breedgroup differ-
ences in efficiencyto a constantpercentage(5 per-
cent) of ribeye fat were less than differencesover
a weight-constantinterval but greater than differ-
ences over an age-constantinterval (table 7). The
--,
weight and number of days at which each breed
group reached5 percent ribeye fat is depicted in
figures 3 and 6: Herefordand Angus straightbreds,
977 and 212;Hereford-Anguscrossbreds,968 and
187; Jersey crosses, 920 and 193; South Devon
crosses,1,030and 209; Limousincrosses,1,144and
280; Charolaiscrosses,1,155and 243;and Simmen-
tal ~rosses,1,157and 241.When comparedat a con-
stantgrade (fig. 6), Limousincrosseswere leasteffi-
cient but not significantlydifferentfrom Simmental;
Hereford-Anguscrosseswere mostefficientbut not
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Figure6.-Feed efficiencyover intervalsbeginningat 0 daysonfeedandendingatvariousweightendpoints.Weightat5 percent
ribeyefat shownby smallarrows.
Table7.-8reed group meansfor cumulativeTDN per
unit of gain for differentintervo/s1
Intervalof measurement'l
Breed group~
o daysto
217days
530lbto
10351b
6.37
6.12
6.79
5.96
5.87
5.39
5.69
5.77
5.71
6.03
5.82
6.44
5.98
6.11
odaysto
5 percent fat
HH+AA 5.83
HA+AH 5.99
JH+JA 6.24
SDH+SDA ___u__5.90
lH+lA 5.78
CH+CA 5.70
SH+SA 5.91
) TDN per unit gain (Ib/lb) can be converted to approximate
metabolizableenergy per unit gain (Mcal/lb) by multiplying by
1.64.
2H=Hereford, A=Angus, J=Jersey, SD=South Devon, l=
limousin, C=Charolais, S=Simmental; sire breed is first and dam
breedis second.
~Intervalsbegin after a 25- to 30-day conditioning period (0
days) or at 530 Ib live weight and end after 217 days on feed.
1035 Ib live weight, or 5 percent ribeye fat.
-
..
significantlydifferentfromSouthDevon,Charolais,
or Jerseycrossbreds.
Breedgroup differencesin grade-constanteffi-
ciencytendednotto beassociatedwithmeasuresof
sizeor absolutegrowthrateoverage-constantinter-
vals;however,thenumberof daysrequiredto reach
5 percentribeyefat accountedfor 74 percentof the
7 H H +A A . STRAIGHTBRED HEREFORD8 ANGUS
H A +A H . CROSSBRED HEREFORD -ANGUS
J. JERSEY-CROSSES
S D. SOUTHDEVON-CROSSES
L . LlMOUSIN -CROSSES
C. CHAROLAIS-CROSSES
S . SIMMENTAL-CROSSES
I
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breedgroupvariationin grade-constantefficiency.
Grade-constantefficiencywould be improvedby
loweredmaintenancecostsassociatedwith earlier
maturingcattle(fewer days of maintenance)or
lighteraverageweightto be maintained,or both.
Maturingrateandaverageweightovera maturity-
constantintervaltendto be negativelyassociated
withmaturesize;however,thetotalamountof gain
overa maturity-constanti ervalwouldbe greater
for breedgroupsof largermaturesize.Anypropen-
sitytodepositribeyefatfasterthancattlewithsimi-
lar maturingrate(for bodyweight)wouldalsoim-
provethegrade-constantefficiencyof abreedgroup.
Heterosisfor feed efficiency.-Hereford-Angus
heterosisfor efficiencyof feedutilizationwas -2.8,
3.8, and 0.9 percentfor age-,weight-andgrade-
constantintervals(table7);noneof thesedifferences
were significant.Previousresultshaveshownes-
sentially no heterosisfor feed efficiencyover
age-constantintervals.For age-constantintervals,
Hereford-Anguscrossbredsare at a disadvantage
becauseof their heaviermaintenanceweightand
fattercompositionof gaincomparedwith straight-
breds.Becausethe carcasscompositionof straight-
bred and crossbredHereford-Angusis nearlythe
sameatconstantweights,Hereford-Angusheterosis
for efficiencyovera weight-constantintervaltends
to be independentof compositionof gain and
t.5% RIBEYE FAT
1000 1100 1200
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weight maintained.Evaluationover the constant
startingageto 5 percentribeyefat (constant-grade)
interval(0 daysto 977 Ib for straightbred,and0
daysto 968 Ib for crossbreds)averagedoutthedif-
ferencebetweenweight-andage-constantintervals.
General.-Grossfeed efficiencyis a functionof
feed intake,maintenanceweight, compositionof
gainandof weightbeingmaintained,environment,
. physiologicalage, and intrinsicefficienciesassoci-
atedwith digestion,absorption,or cellularutiliza-
tion of metabolites.Informationis notavailableto
differentiateamongthecausaleffectsin grosseffi-
ciencies;however,examiningthe grossefficiency
overdifferentintervalsofferssomeinsightintothe
differentfactors.Weight-constantcomparisonsshow
thatgrowthrateor intakeabovemaintenanceis an
importantcomponentof grossefficiency.Themarked
advantageof slowermaturingbreedgroupsover
weight-constantintervalssuggeststhat gross effi-
ciencyis greaterfor the synthesisof leanthanfor
fat. The breedgroupdifferencesin efficiencyto a
grade-constantslaughterweight.suggestthatgenetic,
variationmayexistfor intrinsicefficiencyor in rela-
tive ratesof fat deposition.
The correlationbetweenfeed efficiencyin the
age- and weight-constantintervalswas high (r =
.94).Correlationsbetweenmeasuresof growthand
maturingratesand carcasscompositionwith age-
andweight-constantefficienciesrevealthatfeedeffi-
ciencywasgreaterin bothintervalsfor thefastgain-
ing, slow maturing,leanbreedgroups.However,
thevariationbetweenbreedgroupmeanswasmuch
greaterin theweight-constant(rangeof breedgroup
means= 23 percent)6than in the age-constant
(range=9 percent)interval.
In theweight-constantinterval,totalfeedrequire-
mentsfor maintenancearereducedfor morerapidly
gaininggroupsbya substantialreductionindayson
feed. In the age-constantinterval,more rapidly
gaininggroupsweremoreefficient,but theadvan-
agewastemperedby agreatermaintenance.require-
mentassociatedwith largesizethroughoutthetime-
constantfeeding period. Hence,weight-constant
evaluationmaximizestheadvantageassociatedwith
maturityeffects.Thevariationbetweenbreedgroup
meansin grade-constantefficiency(range=12per-
cent)was comparableto thatfor age-constanteffi-
ciencybut lowerthanthatfor weight-constanteffi-
ciency.Knowledgeof body weightsand growth
I
I'
"
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!I I,
1
,
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ORangeof breed group meanscalculatedby dividing the differ-
ence between the largest and smallestvalue by the mean.
rateswouldhaverevealedmostof thebreed-group
differencesin age-andweight-constantefficiencies
butnotin efficiencyata constantgrade.
Conclusions
1. Importantdifferenceswere found amongsire
breedsfor 405-dayweight(rangeof breedgroup
means=14percent),postweaningaveragedaily
gain(ADG)(range=19percent)andpostwean-
ing relativegrowthrate(RGR)(range=lOper-
cent).
a. CharolaisandSimmentalcrosses,followedby
SouthDevoncrosses,werethelargest,fastest
gainingbreedgroups.
b. Hereford-Angusand Limousincrosseswere
similarinADGand405-dayweight.
c. Jersey crosseswere the smallest,slowest
growingsteers.
d. Breedgrouprankingsweresimilarfor ADG
andRGR.
2. Breedgroupdifferencesin feedefficiencywere
large(range= 23 percent)over the weight-
constantintervalof evaluationbut reducedover
age-constant(range=9 percent)and grade-
constant(range=12percent)intervals.
a. Forweight-constant(530to 1,035Ib)evalua-
tion,Jersey crosseswere leastefficient,and
Charolaiscrossesweresignificantlymoreeffi-
cientthanall otherbreedgroupsexceptSim-
mentalcrosses.
b. Forage-constant(0to217daysonfeed)evalu-
ation, Charolaiscrosseswere significantly
moreefficienthanJerseycrosses.
c. Forgrade-constant(0daysto5 percentribeye
fat) evaluation,Limousincrosseswere least
efficientbut not significantlydifferentfrom
Simmentalcrosses;Hereford-Anguscrosses
weremostefficientbutnotsignificantlydiffer-
ent from SouthDevon,Charolais,or Jersey
crosses.
3. Body weightsand growthratesaccountedfor
mostof thebreed-groupdifferencesin age-and
weight-constantefficienciesbut not in efficiency
ata constantgrade.
4. Hereford-Angusheterosisfor efficiencyover a
weight-constantintervaltendstobe independent
of bothcompositionof gain and weightmain-
.tained.Althoughnot statisticallysignificantin
thisstudy,the3.8percentheterosisis of consid-
erableinterestandwarrantsmorecriticalexam-
ination.
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CARCASS COMPOSITION, QUALITY, AND PALATABILlTY7
RobertM. Kochsand Mich..1E.Dikeman9
Carcasscharacteristicsof the 14 breedgroupsin
CycleI of thegermplasmevaluationprogramare
reportedin thissection.Thesebreedgroups,though
nota randomsampleof the cattlepopulation,are
expectedto indicatein a generalway the genetic
tendenciesthatwould be found in a broadsample
of cattlebreedsand may offer insightto genetic
variationwithin breeds.
Experimental Procedure
Steercarcassesfrom3 years'calfcropswereeval-
uated.Eachyearone-thirdof thesteerswereslaugh-
teredateachof threeslaughterdatesspacedabout
1 monthapart.Slaughterat threedatesprovideda
rangein weightandfatnessfor eachof thebreed
groups.Averageageatthestartof feedingwas240
days,andtheaveragenumberof dayson feedwas
217.Slaughterwascarriedoutatacorpmercialpack-
ing plant.After a 24 hr chill,carcass~swereevalu-
atedfor conformation,maturity,marbling,color,tex-
ture,firmness,and USDAqualityandyieldgrades.
Therightsideof eachcarcasswastruckedto Kansas
StateUniversityfor processingtoobtaindetailedcut-
out informationand taste panel evaluation.The
round, rib, loin, and chuckwere processedinto
closely trimmedbonelessroasts(includingsteak
meat),and leantrim,exceptfor a smallamountof
boneleft in shortloin and rib roasts.Fatwas trim-
medto no morethan0.3 inchon anysurface.Lean
fromtheflank,plate,brisket,andshankwasadded
to the leantrimfromthefour majorcuts.Chemical
analysisof the leantrimin eachcarcasswasusedto
adjusttotal leantrimto a 25 percentchemicalfat
basis.Thesumof roastsand leantrimwas called
retailproduct.
A steakfrom the 12thrib of eachcarcasswas
usedto determineintramuscularfat of the ribeye
(longissimus)muscle.Steaksatthe10thand11th ribs
from four representativecarcassesof eachbreed
groupateachslaughterdatewerefrozenandJater
usedin a tastepanelevaluationof tenderness,fla-
vor, juiciness,andoverallacceptability.
7Resultspresentedherewere takenfrom R. M. Koch,M. E.
Dikeman,D. M. Allen,M. May,J. D. Crouse,andD. R. Campion.
Characterizationf biologicaltypesof cattle.III. Carcasscompo-
sition,qualityand palatability.J Anim. Sci. 43(1976).
sProfessorof AnimalScience,Universityof Nebraska,U.S.Meat
AnimalResearchCenter,ClayCenter,Nebr. 68933
JlAssociateprofessorof AnimalScienceand Industry,Kansas
StateUniversity,Manhattan66506
.Geneticmeritof animalsin eachbreed-slaughter
groupwas e>s:pectedo be similarexceptfor sam-
plingvariation.Therefore,changeincarcasscompo-
sitionof thebreedgroupaveragefromoneslaugh-
terdateto thenextprovideda methodof adjusting
breedgroupmeansto threealternativendpoints
for comparison:(1)constantage,(2)constantweight,
and (3) constantpercentageof fat in the ribeye
muscle.Theconstantageusedwas457days(240
days averageat startplus 217 daysaverageon
feed).Theconstantweightselectedwasa hotcarcass
weightof 635Ib,whichwascloseto theaverageof
Hereford-Anguscrossesand approximatesthe car-
cassweightexpectedfrom a 1,000Ib steer.The
amountof fatintheribeyemuscleselectedasabase
of comparisonwas5 percentbecausethisapproxi-
matedtheminimummarblingrequiredfor A matu-
rity carcassesto gradeUSDAChoice.Eachof the
breed group meanswas adjustedby the linear
changeobservedin thevarioustraitsduringthelast
60 dayson feedrelativeto thechangein thebase
trait of comparison,for example,carcassweight,
days on feed, or fat in the ribeyemuscle.This
methodof adjustmentestimatesvaluesthatwould
beobtainedif allanimalsinabreedgrouphadbeen
fed for feweror moredaysuntiltheaverageof the
breedgroupreachedtheendpointselected.
Results
Breedgroupmeansfor compositiontraitsarecom-
paredat a commonage(457days)in table8, ata
commoncarcassweight(635Ib)in table9, andat5
percentfat in the ribeyemusclein table 10.Ad-
justedweightsfor retailproduct,fat trim,andbone
wereexpressedaspercentagesfor convenientcom-
parison.ComparisonsofHerefordandAngus ireswith
othersirebreedsshouldbe basedon theHereford.
Anguscrossbredgroupsand nof the straighfbreds.
Significantheterosisis expectedin growthtraitsof
all breedcrossesalthoughcompositiondid notseem
to exhibitheterosisin Hereford-Anguscontrasts.
Slaughterand hot carcassweight.-Slaughter
weightwas basedon weightoutof thefeedlotin
themorningbeforefeedingwitha 4 percentpencil
shrink.Differencesin slaughterandcarcassweights
ata consfantage(table8) indicatesignificantdiffer-
encesin averagegrowthrate.Carcassweightmulti-
pliedbythepercentageof carcassthatis retailprod-
uct,fat trim,or boneindicatesignificantdifferences
in growthrateof thesetissues.
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Table8.-Carcasscompositionwhenbreedgroupmeanswereadjusted
toa starlingageof240daysand217daysonfeed
Trait
Numberof animals_______
Slaughter pounds__
wei!}ht
Average____________
Hotcarcass pounds__
weight
Average____________
Bone percent2__
Average______------
Retail percent2__
product
Average____________
Fat percent2B__
trim
Average____________
Kidney perce)'t2__
andpelvicfat
Average____________
Fat thickness, inch__
at 12thrib
Average____________
Ribeye squareinch__
area
Average____________
Yield grade_____________
Average ____________
Rlbeye percent__
fat
Average ____________
HH
AA
69
85
971
968
970
610
619
614
12..7
11.7
12.2
67.4
65.6
66.5
19.9
22.7
21.3
3.1
3.8
3.5
0.52
.66
.59
10.7
11.0
10.8
3.1
3.4
3.2
5.0
6.9
6.0
AH
HA
97
113
1003
999
1001
637
637
637
12.1
11.8
12.0
66.1
65.0
65.5
21.8
23.2
22.5
3.7
3.4
3.5
0.63
.67
.65
11.2
11.1
11.1
3.3
3.4
3.4
6.2
5.7
6.0
JH
JA
53
81
958
945
951
595
592
593
12.7
12.1
12.4
65.1
64.7
64.9
22.2
23.2
22.7
5.7
5.7
5.7
0.42
.51
.46
10.6
10.7
10.6
3.4
3.4
3.4
6.0
7.4
6.7
SOH
SDA
44
50
1012
1037
1024
645
667
656
12.6
12.1
12.3
66.9
67.2
67.0
20.6
20.7
20.6
4.3
4.4
4.3
0.46
.52
.49
11.4
11.8
11.6
3.1
3.1
3.1
5.2
5.9
5.6
Breedgroupl
LH
LA
82
95
1009
1019
1014
645
659
652
12.7
12.3
12.5
71.9
71.4
71.7
15.4
16.2
15.8
3.7
4.0
3.8
0.40
.43
.41
12.7
12.9
12.8
2.4
2.5
2.4
3.6
4.3
3.9
CH
CA
78
99
1092
1082
1087
690
692
691
13.3
12.7
13.0
71.9
70.4
71.2
14.8
16.9
15.8
3.7
4.0
3.8
0.35
.43
.39
12.5
13.0
12.7
2.4
2.6
2.5
4.3
5.1
4.7
SH
SA
87
88
1080
1065
1072
674
673
673
13.8
13.0
13.4
71.0
69.4
70.2
15.3
17.6
16.4
3.6
4.2
3.9
0.37
.43
.40
12.2
12.2
12..2
2.5
2.7
2.6
4.4
5.1
4.8
Avg
510
611
1018
1016
1017
642
648
645
12.9
12.3
12.6
68.7
67.8
68.2
18.4
20.0
19.2
3.9
4.2
4.1
0.45
.52
.48
11.6
11.8
11.7
2.9
3.0
3.0
5.0
5.8
5.4
IH=Hereford; A=Angus; J=Jersey; SO= South Devon; L=Limousin; C=Charolais; S=Simmental.
Breedof sire is first and breedof dam is second.
2Percentageof total retail product,fat trim, and bone.
BFattrim includeskidneyand pelvic-fat.
Dressingpercentage(table9) did not differsig-
nificantlyeventhoughhideweightandfatnessdif-
feredsignificantlyamongbreedgroups.
Bone.-Bonepercentageincludedmajortendons
andexcisedligaments.Thefractionof totalboneleft
in theshortJoin andthepartiallybonelessrib was
estimatedas .157.Thereforetotalbonecanbe ap-
proximatedbydividingbonevaluesin thetablesby
.843and thecorrespondingchangedeductedfrom
retailproductoobtainbonelessretailproduct.
Differencesin percentageof boneweresmallon
a weightconstantbasis(table9).Therewas a ten-
dencyforthelargerbreedstohaveahigherpropor-
tionof bone.
Retailprodud.-If retailproductpercentagesin
tables8, 9, and 10 areplottedagainsthotcarcass
weight,severalinterestingpointsbecomeevident
(fig.7).First,ascattleineachbreedgrouparefedto
higherweights,thepercentageof retailproductde-
clines.Counterto this trend,becauseof dayson
feed,isa genetictrendassociatedwiththeagecon-
stantbreedgroup means.The changeassociated
withtheageconstantmeans,table8 andplottedas
thesolidline in figure7, suggestsa stronggenetic
14
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tendencyfor groupsthatgrowmorerapidlyto have
a higherpercentageof retailproductthanslower
growingtypes.
Differencesin compositionwere greatestwhen
comparisonsof breedgroupsweremadeat a con-
stantcarcassweightandsmallestata constantper-
centageof fat in the ribeye muscle.Charolais,
Limousin,andSimmentalcrossesweresignificantly
higher in retail prod",ctpercentageand Jersey
crosseswere lowest.SouthDevoncrosseswere in-
termediate.
Fat characteristics.-Fattrim includedthe kidney
knobandpelvicfat. Becausevarationin bonewas
relativelysmall,differencesin fat trim percentage
is essentiallytheoppositepictureobservedfor retail
product.Fattrimpercentageincreasedin all breeds
asweightfromfeedingincreased.Thegenetictrend
basedon breedgroupmeansata constantagewas
downward,thatis,fastergrowingbreedgroupshad
lowerfat percentages.JerseycrossesandHereford
and Angus shaightbredsand crossbredshad the
highestwhile Charolais,Limousin,and Simmental
crosseshadthe lowestfat trimpercentages.South
Devoncrossesagainwere intermediate.Fattrimis
themajorvariableinfluencingcompositionthatcan
beaffectedbyproducersthroughbreeding,feeding,
or managementpractices.
Kidney and pelvic fat was highestin Jersey
crossesand lowestin Hereford-Angustypesthan
otherbreedgroupsatallendpointscompared.
Table9.-Carcosscompositionwhenbreedgroupmeanswereadjusted
toahotcarcassweightof635pounds
Trait
Hide pounds__
Average___________________________
Dressed percent__
yield
Average___________________________
Bone percent2__
Average ___________________________
Retailproduct__n_n___n percent2__
Average ___________________________
Fat trim n percent23__
Average ___________________________
Kidney and __n n__percent2__
pelvic fat
Average ___________________________
Fat thickness __n lnch__
at 12th rib
Average ___________________________
Ribeye area n n square inchn
Average ___________________________
Yield grade ____________________________
Average ___________________________
Rlbeye fat __n nn_percent__
Average ___________________________
HH AH JH SDH
AA HA JA SDA
90
73
82
63.0
64.2
63.6
12.3
11.5
11.9
66.5
64.9
65.7
21.2
23.7
22.5
3.3
3.9
3.6
0.56
.69
.63
10.8
11.0
10.9
3.2
3.5
3.4
5.5
7.6
6.6
80
81
81
63.5
63.7
63.6
12.1
11.8
12.0
66.1
65.0
65.6
21.8
23.1
22.4
3.7
3.4
3.5
0.62
.66
.64
11.1
11.1
11.1
3.3
3.4
3.4
6.2
5.7
6.0
73
66
70
62.8
62.5
62.7
12.3
11.8
12.0
63.6
63.0
63.3
24.2
25.2
24.7
5.8
6.2
6.0
0.52
.56
.54
10.6
10.9
10.8
3.6
3.7
3.7
7.1
9.3
8.2
8reedgroup'
78
72
75
63.5
64.1
63.8
12.7
12.5
12.6
67.1
68.7
67.9
20.2
18.8
19.5
4.3
4.0
4.1
0.45
.44
.44
11.4
11.8
11.6
3.1
2.8
3.0
5.0
5.2
5.1
LH CH
LA CA
78
73
76
64.0
64.4
64.2
12.9
12.7
12.8
72.4
72.4
72.4
14.8
15.0
14.9
3.5
3.9
3.7
0.38
.39
.38
12.6
12.8
12.7
2.3
2.4
2.3
3.4
3.8
3.6
79
76
77
63.0
63.3
63.1
13.8
13.3
13.6
73.1
71.9
72.5
13.1
14.8
13.9
3.4
3.6
3.5
0.28
.32
.30
12.1
12.5
12.3
2.2
2.3
2.2
3.1
4.1
3.6
I!
I
SH
SA Average
89
80
84
61.8
63.0
62.4
14.2
13.3
13.8
71.8
70.2
71.0
14.0
16.5
15.2
3.5
4.0
3.7
0.32
.39
.36
12.0
12.1
12.0
2.3
2.5
2.4
4.0
4.6
4.3
81
74
78
63.1
63.6
63.4
12.9
12.4
12.6
68.6
68.0
68.3
18.5
19.6
19.0
3.9
4.1
4.0
0.45
.49
.47
11.5
11.8
11.6
2.9
2.9
2.9
4.9
5.8
5.3
'H=Hereford; A=Angus; J=Jersey; SD=South Devon; L=Limousin; C=CharC!lais;S=Simmental.
8reedof sire is first and breedof dam is second.
2Percentageof total retail product,fat trim, and bone.
3Fattrim includeskidney and pelvicfat.
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Table 10.--Carcasscompositionbasedon breedgroup meansadjusted
to 5 percentfat in theribeyemuscle
<I
Fatthicknesswas closelyrelatedto amountof fat
trimamongthe breedgroupmeanswhenall were
adjustedto the samecarcassweight,althoughJer-
seycrosseshada lowerfat thicknessthanmightbe
expectedfromthetotalamountof fat trim.
Ribeyearea.-Ribeyeareahasoftenbeenusedas
an indicatorof leanmuscle.Becauseit doesnotin-
creaseproportionatelywith total carcassweight,
comparisonshouldbe madeat a commoncarcass
weightas in table9. Breedgroupswith largerrib-
eyeareashadhigherpercentagesof retailproduct.
limousincrosscarcasseshad the largestarea,ex-
ceedingCharolaiscrosseseventhoughretailproduct
percentagewassimilarfor thetwo breedgroups.
Yieldgrade.-Yieldgradewascalculatedfromthe
formulaprescribedby USDA(1965)beef grading
standards.Yieldgrademeanswereinverselyrelated
to percentageof retailproduct.
Ribeyefat percentage.-Intramuscularf t in the
ribeyeisachemicalevaluationotmarblingandisof
considerableconomicimportancebecausemarbling
isthemostimportantfactordeterminingUSDAqual-
itygrade.Breedcrossesdifferedsignificantlyin per-
centageof intramuscularfat percentagewhencom-
paredat a commonageor weight.Jersey crosses
were significantlyhigherthanotherbreedcrosses
and were followed in rank by Hereford-Angus,
South Devon,Simmental,Charolais,or limousin.
Percentageof ribeyefat plottedagainsthotcarcass
weight(fig.8)showsbreedcrossesdifferedby 150
Ib in theaveragecarcassweightwhentheyreached
5 percentfat in theribeye.Interestingly,Charolais,
16
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Breedgroupl
HH AH JH SDH LH CH SH
Trait AA HA JA SDA LA CA SA Average
Slaughter______pounds__970 933 913 1001 .1116 1140 1169 1034
weight 915 928 860 981 1072 1076 1047 983
Average____________942 931 886 992 1094 1107 1109 1008
Hotcarcass_____pounds__609 584 560 637 713 721 735 651
weight 577 583 539 628 696 687 663 625
Average____________593 584 550 632 704 704 699 638
Bone__________percent2__12.7 12.6 13.2 12.6 11.8 13.1 13.2 12.8
12.4 12.6 12.5 12.6 11.9 12.7 13.1 12.7
Average____________ 12.5 12.6 12.9 12.6 11.9 12.9 13.1 12.8
Retail _________percent__ 67.5 67.0 66.5 67.1 69.1 71.3 69.8 68.6
product 67.5 67.1 67.2 69.1 70.1 70.6 69.6 69.0
Average____________ 67.5 67.1 66.9 68.1 69.6 70.9 69.7 68.8
Fat __________percent23__ 19.8 20.4 20.3 20.3 19.1 15.6 17.0 18.5
trim 20.6 20.2 20.3 18.3 18.0 16.7 17.3 18.4
Average____________ 20.2 20.3 20.3 19.2 18.5 16.2 17.2 18.4
Kidney ________percent2__ 3.1 3.6 5.7 4.3 4.6 3.8 3.8 3.9
andpelvicfat 3.5 2.9 5.0 3.8 4.3 3.9 4.2 3.9
Average________/___ 3.3 3.2 5.3 4.1 4.4 3.8
4.0 3.9
Fal thickness,______Inch__ 0.52 0.54 0.33 0.45 0.53 0.39 0.43 0.45
at 12thrib .58 .54 .45 .42 .49 .42 .42 .46
Average____________ .55 .54 .39 .44 .51 .40 .43 .46
Ribeye______square Inch__ 10.7 10.8 10.5 11.4 12.9 12.7 12.5 11.6
area 10.6 10.8 10.4 11.8 13.0 13.0 12.2 11.6
Average____________ 10.7 10.8 10.4 11.6 13.0 12.8 12.3 11.6
Yield grade_____________ 3.1 3.1 3.1 3.1 3.0 2.6 2.8 2.9
3.2 3.1 3.1 2.8 2.8 2.5 2.7 2.8
Average____________ 3.2 3.1 3.1 2.9 2.9 2.6 2.7 2.9
lH=Hereford;A=Angus; J=Jersey; SD=SouthDevon;L=limousln;C=Charolais;S=Simmental.
Breedof sireIsfirstandbreedof damIssecond.
2Percentageof totalretailproduct,fattrim,andbone.
SFatrimIncludeskidneyandpelvicfat.
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tlgure I.-Retail product percentagerelativeto hot carcassweight when breed groups are fed varying lengthsof time to reach(1) a hot
carcassweight of 635 Ib, (2) a constantage of 457 days (markedby initial of sire breed),and (3) 5 percentfat in the ribeye(marked
5). Dotted lines connectbreed group meansat the three endpoints. The solid line is the regressionof age constantmeansfor retail
product percentageon hot carcassweight.
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Figure8.-Ribeye fat percentagerelativeto hot carcassweightwhenbreedgroupsarefedto (1)a hotcarcassweightof 635Ib, (2)
a constantageof 457days(markedby theinitialof sirebreed),and(3)5 percentfat in theribeye.Dottedlinesconnectbreedgroup
meansat thethreeendpoints.Thesolidlineis theregressionof ageconstantmeansfor ribeyefat percentageon hotcarcassweight.
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Figure 9.-Change In fat trim percentagerelative to ribeye fat percentagewhen breed groups are fed to (1) a hot carcassweight of
635 Ib (markedby W). (2) a constantage of 457 days (markedby the initial of the sire breed).and (3) 5 percentfat in the ribeye.
Dotted lines connectbreed group meansat the threeendpoints. The solid line is the regressionof age constantmeans for fat trim
percentageon ribeye fat percentage.
limousin,.and Simmentalwere quitesimilarin the
estimatedslaughterand carcassweightwhenthey
had5 percentfat in theribeye.
If percentageof fat trim is comparedto ribeye
fat(fig.9),alsoevidentis anincreasedintramuscular
fat associatedwith an increasedpercentageof total
fattrim.Thetrendshowedastrongpositivefromthe
effectof feedingandthegenetictrendof agecon-
stantbreedgroupmeans.
Qualitygrade,marblingscores,andconformation.
-Quality grade(table11)was basedon separate
evaluationof conformationand on characteristics
that indicatepalatability,includingmarbling,ma-
turity,color,texture,and firmnessof lean.All of
thesecattlewereyoungandgradewasdetermined
primarilyby marblingand conformation.Straight-
bredAngusandAnguscrossesgradedhigherthan
otherbreedgroups.
Conformation(thicknessandfullnessin relationto
length)was significantlyhigherin straightbredAn-
gus, limousin,andCharolaiscrossesand lower in
Jerseycrossesthantheotherbreedgroups.
Marblingscoreswere closelyrelatedto ribeye
chemicalfat percentageandsignificantlyhigherin
straightbredAngusand in Jersey crossesthan in
otherbreedgroups.limousincrosseshadthelowest
marblingscores.Loweraveragequalitygradesrela-
tiveto marblingfor mostbreedgroupsweredueto
adjustmentfor conformationand to differencesin
scalingof marblingandqualitygrade.Primeand
Choicegradeseachincludethreedegreesof mar-
blingwhereasGoodandStandardincludeonlyone
andone-halfdegreesof marbling.10Distributionof
carcassesby gradeswithin the breed groups is
shownin table12.
lODegreesof marblingfor eachqualitygrade:Prime=Abun-
dant,Moderatelyabundant,Slightlyabundant;Choice=Moderate,
Modest,Small;Good= Slight,Tracesplus;Standard= Average
andTracesminus,Practicallydevoid,USDA(1965).
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Palatability.-Tastepanelevaluationwasmadeon
a subsetof 496carcassesandsamplesscoredon a
desirabilityscalefrom1to9.All breedgroupmeans
(table11)werewell abovethe minimumlevelsof
acceptability.Differencesamongsire breedgroup
meansfor tastepaneltendernessand acceptability
we.resmallbut statisticallysignificant.Jersey and
SouthDevoncrossesweremoretenderandLimousin
andSimmentalcrosseswere lesstenderthanother
breedcrosses.Withinbreedgroups,datafromthe
threeslaughtergroups(notshownhere),indicated
therewas essentiallyno changein averagetaste
paneltendernessandacceptabilityscores.Theaver.
Tablel1.-Quality and palatabilityfor breedgroup
meansadjustedtoa startingageof 240days
and217daysonfeed
Trait
Breedgroupl
HH AH JH SDH_ LH CH SH Avg
AA HA JA SDA' LA CA SA Avg
Quality grade2 _u_u_ 9.2 10.0 9.6 9.6 8.6 9.0 9.0 9.3
10.4 9.7 10.3 10.2 9.0 9.8 9.4 9.8
Average uu 9.8 9.9 9.9 9.9 8.8 9.4 9.2 9.6
Marblingscore3 10.112.213.011.2 8.9 10.0 9.8 10.8
13.111.514.612.510.011.611.112.0
Average_u__u__ 11.611.913.811.8 9.510.810.411.4
Conformation2 u_ 11.111.7 9.1 11.011.911.911.411.2
12.011.8 9.5 11.412.412.611.711.6
Average 11.611.7 9.3 11.212.212.511.611.4
Tastepanelevaluation
Tenderness. _u 7.37.5
7.3 7.3
Average 7.3 7.4
Flavor. u___u 7.4 7.5
7.5 7.4
Average 7.5 7.5
Juiciness.u 7.0 7.1
7.1 7.1
Average 7.0 7.1
Acceptability.___u_ 7.3 7.3
7.3 7.3
Average 7.3 7.3
7.6 7.3 6.8
7.4 7.6 7.2
7.5 7.5 7.0
7.6 7.5 7.6
7.6 7.5 7.5
7.6 7.5 7.5
7.3 7.1 7.1
7.4 7.3 7.0
7.3 7.2 7.1
7.5 7.3 7.0
7.4 7.4 7.2
7.5 7.4 7.1
7.2 6.6 7.2
7.5 7.2 7.4
7.4 6.9 7.3
7.5 7.4 7.5
7.6 7.6 7.5
7.6 7.5 7.5
7.1 6.9 7.1
7.1 7.3 7.2
7.1 7.1 7.1
7.3 6.9 7.2
7.4 7.3 7.3
7.3 7.1 7.3
lH=Hereford;A=Angus; J=Jersey; SD=SouthDevon;L=
Limousin;C=Charolais;S=Simmental.Breedof sire is fint and
breedof damissecond.
2Prime=15, 14, 13; Choice=12, 11, 10; Good =9, 8, 7;
Standard=6,5,4.
8Abundant= 27,26,25;Moderatelyabundant=24, 23, 22;
Slightlyabundant= 21,20,19;Moderate= 18,17,16;Modest
= 15,14,13;Small= 12,11,10;Slight= 9, 8, 7; Traces=
6, 5, 4; Practicallydevoid = 3, 2, 1.
4Extremelydesirable=9; Desirable=8; Moderately desirable
=7; Slightly desirable =6; Acceptable =5; Slightly undesirable
=4; Moderately undesirable=3; Undesirable.=2; Extremely
undesirable=1.
II
I
1=Hereford,A=Angus, J=Jersey, SD=SouthDevon,L=
Limousin,C=Charolais,S=Simmental,X=Crossbred.
agechangesobsentedwere -.0015 and - .0001
unitsperday,respectively.At thesametime,aver-
age marblingscoresincreased.025per day. Data
adjustedfor differencesin ageandtimeonfeedin.
dicatedthattastepaneltendernesscoresincreased
.065unitspermarblingscore,whichis comparable
to an increaseof onetastepanelscoreper 15mar.
bling units.Thus,amongbreedgroupsof similar
ageandtimeonfeed,thosethathadmoremarbling
al~ohadslightlyhighertastepanelscores;within
breedgroups,theincreasedmarblingfromtimeon
feedseemedto justaboutcompensatefordecreased
tendernessassociatedwithincreasedage.
Flavorand juicinesscoresdid notdiffersignifi-
cantlyamongthe breedgroupseventhoughtheir
marblingwas significantlydifferent.
Conclusions
1. Significantdifferenceswereshownamongbreed
groupmeansin growthrateof retailproduct,fat
trim,bone,ribeyefat percentage,qualitygrade,
andin tastepaneltenderness.
2. Whencomparedatage,weight,or ribeyefatcon-
stantendpoints,the differencesamongbreed
groupsin compositionof retailproduct,fat trim,
and bonewere greatestat a constantcarcass
weightandsmallestatequalfat in theribeye.
3. Breedgroupswithhighergrowthratestendedto
havehigherpercentagesof retailproductand
boneandlowerpercentagesof fattrim.
4. Retailproductpercentagedeclinedandfat trim
percentageincreasedin all breedgroupsastime
onfeedadvanced.
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Table12.-Percentageof carcassesbygrades
withinbreedgroups-
Breedgroupsl
Grade HH AA HAX JX SDX LX CX SX
Prime Hig'h
Avg 2.4 0.5 0.7 1.1
Low 8.2 1.4 .7 3.4 0.6
Choice High 4.3 15.3 8.6 11.2 9.6 0.6 2.3 3.4
Avg 10.2 32.9 21.9 26.1 24.5 9.2 16.9 16.1
Low 33.3 23.5 37.1 28.4 35.1 18.4 35.6 31.0
Good High27.5 7.1 16.2 22.4 13.8 27.6 16.9 17.2
Avg 13.0 7.1 9.0 6.7 9.6 25.9 13.6 16.7
Low 10.2 3.5 4.3 3.7 7.4 14.9 7.9 12.6
Standard High 1.4 1.0 2.9 .6 1.7
Avg .6 1.1 .6,
Low .6
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5.Breedgroupswith highergrowthratestendedto
have lessfat in the ribeyemuscleand reached
Choicegradeatsignicantlydifferentweights.
6. Averagetastepanelscoresfor all breedgroups
werewell abovetheminimumlevelsof accepta-
bility;differenceswere small.
7. Breedcrosseswith highermarblingscoreshad
slightly higher tenderness cores,and within
breedandslaughtergroupstendernessper unit
of marblingincreasedslightly.
8. Marblingincreasescausedby timeon feeddid
notres'ultinanincreaseintastepaneltenderness
or acceptability.
GROWTH AND PUBERTYOF HEIFERSll
Pubertytraitsin beefcattleareimportantcriteria
for evaluatingbreeduseindifferentbeefproduction
systems.Althoughpubertyhasbeenstudiedin sev-
eral domesticbreeds,little informationis available
on pubertyandpregnancyin domesticandWestern
Europeanbreedsevaluatedundersimilarmanage-
mentconditions.
This study involvedevaluationof growth and
pubertyof the945femalecalvesproducedin Cycle,.
I of thecattlegermplasmevahfationprogramatthe
U.S.MeatAnimalResearchCenter.
Experimental Procedure
Followingweaning,heiferswere randomizedby
breedgroupto five feedlotpens(all breedgroups
representedin each pen) and fed a ration,free
choice,consistingof approximately50 percentcorn
silageand50 percentgrasshaylagewith adequate
supplementalproteinandmineralsto meetNational
ResearchCouncilrequirements.Heiferswere bred
by artificialinsemination(AI) for 42 to 45 days
followedby 21to25daysof naturalmatings.Aver-
ageagewas430daysatthebeginningof AI breed-
ing.Estruswascheckedvisuallytwicedailyfroman
averageageof 250daysto the'endof the natural
breedingperiod,exceptestruswasdeterminedonly
to theendof theAI breedingperiodin calvesborn
in 1970.Heifersthatcalvedwereclassifiedaspreg-
nant;thosethatdid notcalvewereclassifiedasnon-
pregnant.Bodyweightsweretakenat28-dayinter-
vals: from weaningto beginningof AI breeding,
endof AI breeding,andapproximately550daysof
age.
Pubertyagewasdefinedastheagefirstobserved
l1ResultspresentedhereweretakenfromD. B. Laster,Gerald
M. SmithandKeithE.Gregory.Characterizationf biologicaltypes
of cattle.IV. Postweaningrowthandpubertyof heifers.J. of
Anim.Sci.43 (1976).Personsdesiringa moredetailedstatistical
evaluationarereferredtothispaper.
12Researchp ysiologist,U.S.MeatAnimalResearchCenter,Agri.
culturalResearchService,ClayCenter,Nebr. 68933
D. B. LIIster12
standingestrus.Pubertyweightwas calculatedby
addingweaningweight to postweaningaverage
dailygain (ADG)timesdaysfromweaningto pu-
berty.Adjustedvaluesweredeterminedfor ageand
weightat pubertyfor eachbreedgroupbecause
estruswas notobservedin all animals.Observed
valueswerebiaseddownward.Thisadjustmentre-
movedthe biasin the overallmeanand allowed
unbiasedcomparisonsof breedgroupsdifferingin
percentageobservedin estrus.
Weight-agecurvesweredeterminedbyquadratic
regressionof breedgroupmeansfor each28-day
weightondaysfedseparatelyfor eachbreedgroup
and year.Correctedsumsof squaresandproducts
werepooledoverthe3 yearstoobtainbreedgroup
regressions.The percentagereachingpubertyby
variousageswas plottedagainstweightsfromthe
weight-agecurvesto obtainpercentpuberty-weight
curvesfor eachbreedgroup,thus,evaluatingpu-
bertyage associatedwith relatedchangesin live
weight.
Results
Growth
Breedgroupcomparisonsfor birth weightand
preweaninggrowth(table13)representdataonly
from heifersonwhichpubertydatawereobtained.
Actualweaningweightsof heifersfromthedifferent
breed crossesrankthesameastheadjusted200-day
weightsfor calvesof bothsexes,exceptfor theUm-
ousincrosses,whichwere6 daysyoungeratwean-
ing thantheoverallaverageweaningagefor the
heifers.
Sire breed,yearswithin sire breed,and sires
within-year-withinsire breedsignificantlyaffected
'all preweaningandpostweaningrowthtraits.Ac-
tual weaningweightswere similarfor Charolais,
Simmental,South Devon, and Hereford-Angus
crossesandhigherfor thesebreedcrossesthanfor
Umousinand Jersey crosses(table 13). Jersey
20
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IH=Hereford; A=Angus; Jersey-X=Jersey sires by Hereford and Angus dams, and so forth.
2Blrth wt +(200 X prewn. ADG) +200 X ADG from weaning to approximately400 days of age.
3Galnduring the artificialinseminationbreedingperiod.
4Actualweight fakenat approximately550daysof age.
sThe breeding period was 42 to 45 days by artificial inseminationfollowed by 21 fo 25 days by naturalmating.
crossesgainedlessfrom weaningto 400 daysof
age (fig. 10).At 400 days CharQ1ais,Simmental,
and SouthDevoncrosseswere heaviest,Hereford-
Angusand Limousincrosseswere intermediateand
Jersey crosseswere lightest(table13 andfig. 10).
Weightsat400daysof ageweresimilarfor straight-
bredHerefordandJerseycrosses,andstraightbred
AngusweresimilartoLimousinandHereford-Angus
crosses.
Damage significantlyaffectedall growthtraits
exceptADG from400to450daysof age(AI breed-
ing period).Preweaninggrowthandweightat400
days increasedas cowage increased.ADG from
weaningto 400 days decreasedas dam age in-
creased,indicatingcompensatorypostweaningain
for heifercalvesfromyoungcows.
All growthtraits,exceptADG from weaningto
400 daysof age,were significantlyinfluencedby
dambreed.Calvesfrom Angusdamswere22 Ibs
heavierat weaningand20 Ibsheavierat 400days
of age than thosefrom Hereforddams.Weaning
weightsof Jersey sired calvesfrom Angus dams
wereonly 6.6 IbsheavierthanthosefromHereford
dams,while calvessiredby SouthDevon,Limousin,
Charolais,andSimmentalcalvesfrom Angusdams
were from 20 to 37 Ibs heavierthancalvesfrom
Hereforddams.
Breed-of-sireby breed-of-daminteractionfor
weaningweightindicatesthatcalveswith a higher
geneticgrowthpotentialrespondedmoretothepre-
sumablyhighermilkproductionlevelsof theAngus
dam during preweaninggrowth. The 400-day
weightsof heiferssiredby Limousinand Charolais
- - ~
sireswere 26 Ibs heavierfromAngusdamsthan
thosefromHereforddams,butheifersfromAngus
andHereforddamsby theothersirebreedsranged
from 6.6 Ibs heavierfromAngusdamsto 6.6 Ibs
heavierfromHereforddams.Thephysiologicalbasis
for thisinteractionis notobvious.Rankandrelative
differencesof breedgroupsfor postweaningrowth
of theheifersweresimilartotheirsteermates.
Percentagereachingpuberty
Sire breed.-Percentageof heifersreachingpu-
bertyby 270to 510daysof age(fig.11)wassig-
nificantlyinfluencedby sirebreed.For percentage
reachingpubertyfrom 300 to 450 daysof age,
breedcrossesbasicallydividedinto threegroups.
A higherpercentageof Jersey-crossheifersanda
lowerpercentageof LimousinandCharolaiscrosses
reachedpubertywithinthisage rangewith South
Devon,Hereford-Angus,andSimmentalcrossesin-
termediate.
Individualsireswithinbreedinfluencedpercent-
ageof heifersreachingpubertyfrom 270to 390
daysof age,indicatingthatphysiologicalmaturityis
influencedby geneticvariationwithin a breed.
Therefore,percentageof heifersreachingpuberty
at an earlyageandaveragepubertyagecouldbe
affectedby selectionwithina breed.A greaterdif-
ferencein percentageof heifersreachedpubertyby
510daysof ageoutof AngusthanHereforddams
when siredby Charolaisand Limousinthanwhen
siredby theearliermaturingbreeds.
Dambreed.-Breedof damaveragedoverall sire
breedshada largeeffecton percentageof heifers
"
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Table 13.-Least squaresmeansfor birthweight,pre-weaningand postweaninggrowth,and pregnancy
Actual ADG, Wn ADG,
Birth weaning to 400 400-day 400-450 55().c/ay
Breed group1 No. weight weight days weight dayweight:! weight4 Pregnancy5
Pounds Pounds Pounds Pounds Pounds Pounds Percent
Hereford ------------------------ 62 75.0 416 0.94 576 1.06 673 78.2
Angus___________________________ 64 66.2 440 1.00 605 "1.19 673 82.3
HAAH ________________________ 132 71.3 447 1.07 629 1;25 715 93.0
Jersey-X ______________......________117 61.8 414 .90 561 1.20 656 B6.4
S. Devon-X ______________________ 120 77.2 447 1.17 651 1.35 741 85.1
Limousin-X ______________________ 161 76.3 436 1.10 640 1.03 713 82.0
Charolais-X ______________________ 132 BI.6 469 1.15 67-1 1.26 757 80.6
Simmental-X _____________________ 157 80.5 464 1.15 671 1.21 768 86.2
Hereforddams____________________ 504 76.8 431 1.08 625 1.13 717 84.0
Angus dams _____________________ 441 71.7 455 1.07 636 1.28 717 85.6
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reachingpubertyfrom270 to 510daysof age in
favorof Angusdams.Breedof damdifferencesin
percentagereachingpubertyatdifferentdaysof age
were as follows(thevaluesshownindicateAngus
minusHereforddam differences):270, 2 percent;
300, 10 percent;330, 15percent;360, 18percent;
390, 16 percent;420, 13 percent;450, 9 percent;
480, 7 percent;ant!510, 5 percent.Thesediffer-
enceswere larger than the differencesbetween
reciprocalcrossHereford-AngusandAngus-Hereford
breedgroups(270,2.4 percent;300, 6.3 percent;
330, -.5 percent;360,8 percent;390,10percent;
420, -2 percent;450, -3 percent;480,0 percent;
510, 0 percent)indicatingthatat leastpartof the
differencewasfromtransmittedeffectsof theAngus
breedas well as anymaternal(milk)effectof the
dam.
Dam age.-Effectsof dam age on percentage
reachingpubertyby 390 daysof age relatedto
damageon weaningweight.Fewerheifersfrom
2-year-oldamshadreachedpubertyby 390days
of age,andthe percentageincreasedas damage
increasedfrom2 to 5 yearsandolder.Themean
percentagereachingpubertyfor all breedgroupsat
390dayswas62 percent,andthepercentagesfor
eachof thefourage-of-damclassificationswere51
percent,61 percent,65 percent,and71 percentfor
cows2, 3, 4,or 5 yearsandolder.
Heterosis.-Heterosiseffectswere
centagereachingpubertybetween
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Figure IO.-Body weights of the breed groups during the post.weanlngperiod.
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Figure11.-Percentageof heifersin eachbreedcrossreachingpubertyat240to 510dayof age.
420 4S0 480 SIO
daysof age.By 510days100percentof theHere-
ford-Anguscrosseshad reachedpubertycompared
to 92 percentof the HerefordandAngusstraight-
breds. Heterosiseffectson percentagereaching
pubertyat the differentdaysof agewere 300,9
percent;330, 11 percent;360, 13 percent;390,20
percent;420, 6 percent;450, 14 percent;480, 12
percent;and510,8 percent.
Age andweightatpuberty
Sirebreed~-Ageandweightatpubertyweresig-
nificantlyaffeCtedby sirebreed,sireswithinbreed,
dam breed, and dam age. Jersey crosseswere
youngestatpuberty;LimousinandCharolaiscrosses
oldest;and Hereford-Angus,SouthDevon,andSim-
mentalcrossesintermediate.Thus, breed crosses
rank the sameat pubertyage as the percentage
reachingpubertyby 300to450daysof age(fig.11
andtable14).Therankingof thebreedcrossesfor
percentagereachingpubertyby 300to 450daysof
ageandat pubertyage is similarto therankingof
thefinal maturityscores(basedprimarilyon visual
evidencefor ossificationof bonecartilage)of the
.",.-~-
steercarcassesfromthemalematesto theseheifers.
Thestrongassociationbetweenthesetwo indepen-
dent measuresof physiologicalmaturityindicates
thata difference xistsin rateof physiologicalma-
turityamongthedifferentbreedcrosses.
Jersey crosseswere lightestat pubertyweight,
followed by Hereford-Angusand South Devon
crosses;nextwereLimousinandSimmentalcrosses.
Charolaiscrosseswereheaviest(table14).Ranking
of thebreedcrossesat pubertyweightis similarto
the rankingfor birthweightand400-dayweight,
exceptpubertyweight for Limousincrosseswas
heavierrelativeto theirbirthweightand400-day
weightthantheotherbreedcrosses(tables13and
14).RankingseemstofurtherindicatethatLimousin
crossesreacha similarstageof physiologicalma-
turityat a laterage and weightrelativeto their
growthrateand thatCharolaiscrossesreachthis
stage.of physiologicalmaturityat a lateragethan
otherbreedcrossesrepresentedin thisstudy.
As damageincreasedtherewas a tendencyfor
pubertyagetodecreasemorein Jerseycrosses,and
in Hereford-and Angus-siredbreedgroups,than
otherbreedcrosses.Therefore,breedcrosseswitha
rI
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Table 14.-Age and weight at puberty by breed group
greater geneticcapabilityto reachpubertyat a
youngerage had moreopportunityfor expression
of this pubertytrait with increasedlevelsof milk
duringthe preweaningperiod.
Figure12 showsthe percentageof animalsin a
givenbreedcrossthatreachedpubertyat different
averageweights.A comparison'~ofaverageweights
at pubertyof differentbreedcrossesin table14to
thedatain figure12 revealsthatlessthan50 per-
centof the heifersof any breedcrossreachedpu-
bertywhentheaverageweightfor thatbreedcross
was equalto theaveragepubertyweightgivenin
table14.However,interestingto notearethemeans
for ageatpuberty(table14)thatcorrespondclosely
to medianageat puberty(ageatwhich50 percent
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reachedpuberty).Thesedataindicatetheimportance
of determiningpercentageof heifersreachingpu-
bertyatdifferentages;inadditionthedatashowthe
averageageandweightat pubertyfor evaluating
breedandtreatmenteffectsonpubertytraitsandfor
developingfeedingprogramstooptimizereproduc-
tiveperformanceof a givenbreedgroup.
Dambreedandage.-HeifersfromAngusdams
reachedpuberty26 daysearlierandwere19.8Ibs
lighterthanthosefrom Hereforddams(table14).
Damageaffectedpubertyageandweightwithheif-
ersfromyoungerdamsreachingpubertyatanolder
ageandata lighterweight.Pubertyagesof heifers
for differentagesof damwere387,368,353,and
357days;pubertyweightswere568,587,592,and
607 Ibs for 2-, 3-, 4., ~5-year-old dams, respec-
tively.
Heterosis.-Inthepresentstudy,pubertyagewas
19.5daysearlierin theHereford-Anguscrossesthan
theaveragefor thestraightbreds(table14).Hetero-
sishadlittleeffectonweightatpuberty(table14).
Pregnancy
Sirebreedof theheifersdid notaffectpregnancy
percentage.Pregnancypercentageswerehigherfor
Limousin,Charolais,and Simmentalcrossesfrom
Angusdamsthanfrom Hereforddams.In Jersey
and SouthDevoncrosses,pregnancypercentages
were in favorof Hereforddams.Thehigherpreg-
nancypercentagessuggestdifferentialheterosisef-
47~ :500 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ m ~ ~
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Figure 12.-Percentage of heifers reaching puberty at the average weights for the breed cross.
24
Ageat Weightat
Breedgroup No. puberty puberty
Days Pounds
Hereford___________ 62 415 603
Angus_____________64 366 561
Heterosis---------- -19.5 3
HA+AH ___________132 371 585
Jersey-X __________117 322 482
S. Devon-X________120 364 603
Limousin-X________161 398 642
Charolais-X________132 398 667
Simmental-X_______157 372 629
Hereforddams______504 389 612
Angusdams________441 363 592
-..---------..
]
fectsfor Hereford and Angus dams when crossed
with Jersey and South Devon than when crossed
with Limousin, Charolais, and Simmental breeds.
Also heifers sired by the larger sire breeds had a
highergrowth potential,which enabledthemto util-
ize the higher milk productionof the Angus dams
without excessfattening.
Pregnancy percentage increased in heifers from
Hereford dams as dam age increasedfrom 2 to 4
years of age but was higher in heifers from 2-, and
3-year-old Angus dams than in those from Angus
dams 4 and ~5 years of age. Pregnancypercent-
ageswere 76, 82, 90, and 88 for heifersfrom 2-, 3-,
4-, and ~5-year-oldHereford damsand 89, 90, 81,
and 82 for 2-, 3-, 4-, and ~5-year-old Angusdams.
However, the pregnancy percentageswere similar
for heifers from Hereford dams 4 and 5 years or
older to those from 2- and 3-year-oldAngus dams.
One possible explanation is that under the condi-
tions of this study, higher levels of milk production
in Hereford dams associatedwith increasedage in-
creasereproductiveperformance;a'milk production
levelabovethatproducedby 3-year-oldAngus dams
tended to .decreasepregnancy percentagein their
progenywhen bred asyearlings.
Part of the reason for the lower pregnancy per-
centagefor heifers from 2- and 3-year-oldHereford
dams may have been the lower percentageof heif-
ers from theseages of dam reachingpuberty;how-
ever, this was not the reason for the lower preg-
nancypercentagein heifers from older Angus dams.
Percentageof heifers reachingpubertyby 510 days
of age were 90, 92, 98, and 95 from 2-, 3-, 4-, and
~5-year-old Hereford dams and 100, 100,94, and
99 for heifersfrom comparableagesof Angus dams.
PreweaningADG for heifers from 2-, 3-, 4., and~5-
year-old Hereford dams were 1.43, 1.63, 1.76, and
1.83 Ibs and 1.54, 1.74, 1.83,and 1.94 Ibs for heif-
ers from 2-, 3-, 4-, and ~5-year-old Angus dams.
Resultsindicatethat preweaningmaternalperform-
anceaffectssubsequentreproductiveperformanceof
offspringand show an optimumpreweaninggrowth
ratefor optil)1umbreedingperformanceof yearlings.
Conclusions
1. Charolais,Simmental,and South Devon crosses
were the heaviestat 400 days of age followed
closely by Hereford-Angusand Limousincrosses;
Jersey crosseswere Iightest-16 percent lighter
than Charolaisand 8.7 percentlighter than Lim-
ousin crossesat 400 days.
2. Breedcrossesseparatedintothreedistinctgroups
for percentageof heifers reaching puberty at
each 30 day'sfrom 300 to 450 days of age. A
higher percentageof Jersey crossesand a lower
percentageof Charolais and Limousin crosses
reached puberty with Hereford-Angus, South
Devon, and Simmental crosses intermediate
throughoutthis age range.
3. Breedcrossesdivided into the samethreegroups
on the basisof averageage at puberty:Charolais
crosseswere heaviest,followed by limousin and
Simmental, then South Devon and Hereford-
Angus, with Jersey crossesthe lightest.
4. Charolais and limousin crossesreach a similar
stage of physiologicalmaturityat an older age
and Jersey crossesat a younger age than other
breed crosses.
5. Heifers from Angus damswere 26 days younger
and 19.8 Ibs lighter at puberty than those from
Hereforddams.
6. Heterosis in Hereford-Angus reciprocal crosses
for age at pubertywas 19.5 days with no effect
on weight at puberty.
ESTIMATING RETAILPRODUCT13
I
I
j
John D. Crouse14
Retail product yield is a useful measurefor the
saleableportion of carcassbeef. Time and resources
are often not available to obtain actualretailyields,
thus, reliable estimates are needed in marketing,
progeny testing, and researchprograms.
13Resultspresentedhere were taken from (1) J.D. Crouse,M.E.
Dikeman,R.M. Koch, and C. E. Murphey. Evaluationof traits in the
USDA yield grade equation for predicting beef carcasscutability
in breed groups differing in growth and fattening characteristics.
J. Anim.Sci. 41, 548 (1976)and(2)J. D. Crouse,andM. E. Dike-
Numerous equations for estimating percentage of
carcass cutability have been developed on carcasses
derived from British beef, dairy, and Brahman
breeding. The present USDA (1965) yield grade
equation estimates percentage of closely trimmed,
boneless round, loin, rib, and chuck. In this regres-
man. [;)eterminatesof retail product of carcassbeef. J. Anim. Sci.
42, (1976).Personsdesiring a more detailed statisticalevaluation
are referred to these papers.
14Researchfood technologist,U.S. Meat Animal ResearchCenter,
Agricultural ResearchService,Clay Center,Nebr. 68933
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sionequation,independentvariablesarethosethat
canbe.measuredrapidlywith minimalexpenseon
carcassesin thecooler.Theequationwastestedon
independentpopulationsof carcassbeefandfound
usefulon carcassesfrom animalshavingthe same
growthand fatteningpatterns.
Thissectiondevelopspredictionequationstoesti-
materetailproductforcarcassbeefrom1121steers
producedin CycleI. )/ariablesusedaspredictorsre-
flectdifferentsituationsrelativeto resourcesavail-
ablefor requiredobservations.
Experimental Procedure
Yield and qualitygradewere determined24 hr
postmortemby a consensusof threeappraisers.Rib-
eyearea(REA)at the 12thrib wastraced,andthe
areawas determinedby planimeter.Fat thickness
(FT)over the 12thrib was measuredaccordingto
proceduresdescribedin the USDA(1965)grading
standardsfor carcassbeefandwasadjustedfor ab-
normalfatdepositionoverthecar~ass.Musclingwas
scoredfrom 1 (extremelythick)to 10 extremely
thin).
Carcasslengthwas measuredfrom the anterior
edgeof thefirstrib to theanterioredgeof theaitch
bone,hindquarterlengthfromtheanterioredgeof
the13ththoracicvertebrato theanterioredgeof the
aitchbone,androundlengthfromtheanterioredge
of theaitchboneto the lineof theepiphysealplate
at the distalendof thetibia.Roundthicknesswas
measuredwith calipersat the thickestpointabove
thesymphysispubis(asthe carcasshangs)but be-
low theroundcollarfat.Chuckthicknesswasmea-
suredat thethickestdistanceovertheclodwiththe
splitsurfaceof thefifthvertebrausedasa reference
point.Chestdepthwasmeasuredby anchoringone
armof thecalipersin theventralsideof thespinal
canalat the midpointof the fifth thoracicvertebra
andmeasuringto themidpointof theventraledge
of thefifthsternebra.
Therightsideof eachcarcasswastakento Kansas
StateUniversityand processedinto trimmedretail
cutswith no morethan.3 in fat cover.Minorcuts
weremadeentirelyboneless,trimmedto25percent
fat,andincludedin leantrim.Dorsalandtransverse
spinousprocessesremainedin the shortloin cuts,
and dorsal spinousprocessesand rib bones re-
mainedin the rib cuts.All othercutswere made
entirelyboneless.Kidneyandpelvic(KandP)fatof
therightsidewasweighedandexpressedasa per-
centageof therightsideweight.
Percentageof retailproductwasdeterminedby
the weightof the trimmedretailyield from the
round,loin,rib,andchuck,plusleantrimfromthe
entireside,anddividedby thesumof individual
weightsof all componentsof theside.Etherextract
wasdeterl1')inedon leantrim.Retailyieldwasarith-
meticallyadjustedto25 percentfat intheleantrim,
consideringphysicallyseparatedfattobe85percent
etherextractable,to reducefabricationerrors.Per-
centagesof rib retailproduct,rib fat trim, round
retailproduct,and roundfat trimwereexpressed
relativeto weightsof their respectivewholesale
cuts.From334carcassesof the 1971calfcrop,the
left 9-10-11th rib sectionwas removed24 hr after
slaughter,boned,andsofttissueanalyzedfor ether
extractand moisture.
Datawereanalyzedby correlationand multiple
regressiontechniquesto developequationsfor pre-
dicting percentageof retail product.Cooler, rib
chemical,and partialcutoutdatawere analyzed
as threeindependentdatasetsand subsequently
pooledand analyzedas one dataset to develop
appropriatequationsfor differentresourcesitua-
ions.Subclassmeaneffectsfor breedsof damand
yearswere removedby poolingwithin respective
classes.
Results
Meansand standarddeviationsof traitsstudied
aregivenintable15.Standardeviationswerecom-
putedover all sire breedsor pooledwithin sire
breeds.The pooledstandarddeviationsestimate
residualvariationafter removalof effectsof sire
breedgroupmeans.In thisstudy,variationoverall
sirebreedsis largerthanwouldbe expectedfrom
carcasseswithina givenbreedfed for a constant
time.
The carcasspopulationstudiedhad an average
hotcarcassweightof 646 Ib; approximately9 per~
centof theoverallvariationwas accountedfor by
sirebreeds.Thecarcassesaveraged68percentretail
product.Estimatesof K andP fatpercentagewere.9
percentless thanactualvalues.Mean valuesfor
actualand adjustedfat thicknesswere the same;
however,adjustmentsof actualFTreducedthevari-
ationof onestandard eviationfrom.20to .18 in.
Thisreductioni variationwouldbe expectedfor
theadjustedFTvaluesbecausemostof thevariation
in'carcassdressinghasbeenremoved.
Correlationsbetweencarcasstraitsand percent-
ageof retailproductaregivenin table16.Correla-
tionswerecalculatedover all sirebreedsor were
26
Table 15.-Means and standarddeviationsof carcass
traitsof 1,121steersobtainedfromsevenbreedsof sire
Traits
I
I
I
J
I
Carcasslength inches__
Hindquarter length do____
Round length do____
Chuck thickness do____
Round thickness do____
Depth of chuck r___do____
Ribeye area square inch__
Overall conformationS_______________
Muscling conformationS______________
Muscling score. ____________________
Marbling score5____________________
Hot carcassweight pound__
Fat thickness inch__
Adjusted fat thickness do____
EstimatedK and P fat percent__
Actual K and P fat do____
Yleld grade ________________________
Longissimusmusclefat percenL_
Rib moistureG(9-10-I1th rib) do____
Rib fatG(9-10-11thrib) do____
Rib proteinG(9-10-11thrib) do____
Rib retail product percent__
Rib fat trim do____
Trimmedround do____
Round retail product do____
Round fat trim do____
Retail product (side) do____
Mean
47.5
48.5
24.6
8.1
10.1
14.4
11.7
11.49
11.07
3.64
11.53
646
.50
.50
3.102
3.977
2.958
5.39
43.91
43.0
12.07
75.82
16.16
22.72
75.52
7.79
67.95
1.9
2.0
1.1
.5
.6
.7
1.5
1.33
1.42
1.17
3.42
78
.20
.18
.940
1.065
.765
2.16
4.51
5.8
1.85
4.28
4.65
1.54
2.26
2.55
4.50
1.8
1.7
.9
.5
.5
.6
1.2
.98
1.02
.85
3.11
71
.18
.15
.725
.815
.647
1.93
3.64
4.7
1.67
3.57
3.90
1.15
1.88
2.09
3.59
J Standard deviations were computed over all breeds of sire
and pooled within breeds of dam and years.
2Standarddeviationswere computedand pooled within breeds
of sire, breeds of dam, and years.
3Coded: choice- =10, choice.= II, choice+= 12, and so
forth.
.Scored1= extremelythick to 10= extremelythin.
5Coded:small'= 10,smallo= II, small+= 12,andsoforth.
CDataobtainedon 334carcassesfor the 1971calf crop.
pooledwithinsirebreeds.Resultsfromtheoverall
analysiswould be appropriatewhen jnferenceis
drawnto a populationof carcassesderivedfroma
numberof breedsor breedcrossesthatdiffersig-
nifkantlyin growthrateandbodycomposition.Re-
sultsfrom the pooledwithinbreedgroupanalysis
approximatethe averagecorrelationbetweentraits
for thesevensirebreedgroups.Thepooledwithin
breedgroupcorrelationswouldmoreaccuratelyre-
flect biologicalrelationsamongcarcassesfrom a
given breed group becausethe effectsof breed
groupmeanshavebeenremoved.
A correlationof -.18 wasobservedbetweenhot
carcassweightand percentageof retailproducton
anoverallbreedgroupbasis.However,ona within
breedgroupbasisthiscorrelationincreasedin mag-
,.
!
I
~
nitudeto -.46. Theeffectsof breedgroupmeans
on therelationof carcassweightandretailproduct
percentagewerediscussedpreviouslyandarede-
pictedin figure7. Theheaviercarcassesassociated
with latermaturingbreedtypesoftenhadthehigh-
estcutability',whilewithin-breedtypestheheavier
carcasseshadlowercutability.
Of the coolermeasurements,FT was the best
singleestimatorof retailproduct.FT is alsohighly
associatedwith otherbodycompositiontraits.The
correlationbetweenpercentageof retailproductand
FT,likeotherestimatesof fatdepotssuchasK andP
fat,was notappreciablyaffectedby variationasso-
ciatedwith sire breeds.The correlationof -.38
within breedgroupsindicatesthatmarblingscore
maybe usefulas an additionalpredictorof retail
product.In general,measurementsof fatdeposition
arethebestpredictorsof bodycompositioncaused
by therelativevariabilityof bodyfat ascompared
with leanor bone.
Table16.-Correlationsbetweencarcasstraits
and retailproduct1
Percentageretail product
Carcasstrait Overall2 WithinS
Carcasslength -.11
Hindquarterlength -.04
Roundlength .09
Chuckthickness -.18
Roundthickness .17
Chuckdepth n -.11
Ribeyearea .41
Overallconformation .27
Musclingconformation .51
Musclingscore -.58
Marbling score -.48
Hot carcassweight -.18
Fat thickness n -.68
Adjusted fat thickness -.79
EstimatedK and P fat percent__ -.39
Actual K and P fat do -.42
Longissimusmuscle fat do -.61
Rib fat4 (9-10-11thrib) do -.90
Rib moisture'!(9-IO-l1th rib) do .88
Rib protein4 (9-10-11thrib) do .71
Rib retail product do .79
Rib fat trim do -.81
Trimmed round do .83
Round retail product do .78
Round fat trim n do -.79
lCorrelations ;::.06,P< .05; correlations;::.08,P< .01.
2Correlationswere calculatedover all breedsof sire.
3Correlationswere basedon a pooled within breeds of sire 55
and CP matrix.
.Correlationswere based on 334 observations.
-.32
-.30
-.21
-.38
-.16
-.21
.15
.06
.30
-.38
-.38
-.46
-.64
-.77
-.38
-.47
-.51
-.84
.79
.62
.74
-.77
.76
.72
-.76
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Estimatesof muscling(REA,musclingscore,and
musclingconformation)had potentialas predictors
of retailproductas indkatedby theircorrelations
with percentageof retailproductfrom.15to -.38
on a withinbreedof sirebasis.
Ribeyearea was relativelymore importantas
a predictorof retail productat constantcarcass
weightsthanwhen carcassweightvariedbecause
REA and carcassweightwere positivelycorrelated
withinbreedgroupsbutoppositein theircorrelation
with percentageretailproduct.Consequently,REA
is a moreusefulpredictorof retailproductin car-
cassesof similarweightthanincarcassesof varying
weight.
Carcass,hindquarter,and round length;chuck
and roundthickness,and chuckdepthwere more
closelycorrelatedwith percentageof retailproduct
withinsirebreedsubclassesthanoverallsirebreeds.
Negativewithinsubclasscorrelationsfor linearcar-
cassmeasurementsindicatedthat shorter,thinner
carcassesyieldedhighpercentagesof retailproduct.
However,on an overallbreedbasis,thecarcasses
with longer,thickerroundsyieldedthe high per-
centagesof retailproduct.
Percentagechemicalfatof softrib tissuewasthe
singletraitmosthighlyassociatedwith percentage
of retailproduct(r =-.90 overall breedgroups
andr=- .84withinbreedgroups)of all traitsmea-
sured.Themagnitudeof thecorrelationsin thepres-
entstudyandin previousfindingssuggeststhatrib
compositionwould be a valuablepredictorof car-
cassretailproduct.
Regressionequation resultswith standarder-
rorsandcoefficientsof determination(R2)for pre-
dictingpercentageof retail productare given in
table 17. Coefficientsof determinationtimes 100
(R8X 100)givetherelativeamountof variationac-
countedfor by theregressionequation:thegreater
theR.,thegreatertheaccuracyof anequation.Stan-
darderrors(SE)reflectthereliabilityof anequation
or precision:thesmallertheSE,thegreaterthepre-
cision.Equationsare presentedon bothan overall
anda pooledwithinbreedof siresubclassbasis.In-
ferencesfromtheoverallanalysisareapplicabletoa
populationof carcassesimilarto thoseof thebreed
groups sampled.Resultsfrom the pooledwithin
breed group analysesrepresentthe averagere-
sponsefor thesevensirebreedgroups.Independent
variablespresentedarethosethatwereidentifiedas
the mostimportantby stepwiseregressionproce-
duresandof practicalusein variousresourcesitua-
tions.Additional,independentvariableswerestatis-
ticallysignificantand madesomeimprovementin
theequations,butthesecontributionswerenegligi-
bleandof littlepracticalconsequence.
Resultsof equations(table17)1through4 (over-
all subclasses)andequations9 through12(within
subclasses}involveindependentvariablesobserved
in the cooler,whichcanbe obtainedrapidlyand
withmodestexpense.Equations1,3,9,and11omit
hotcarcassweight.Usinghotcarcassweightin an
equationrepresentingall breedgroupsis somewhat
questionable.
Equation1,withouthotcarcassweight,accounted
for 75.4percent(R2X 100)of thevariationin per-
centageretailproduct.Equation2, withhotcarcass
weightpresent,accountedfor 76.5percentof the
variationin percentageretailproduct.Multiplere-
gressionequationsutilizinghotcarcassweightasa
predictoroverestimatedthe Herefordand Angus,
Jersey,andSouthDevongroupsandunderestimated
theCharolais,Simmental,andlimousingroupmore
thanwhenhotcarcassweightwasomittedfromthe
equation.
Coolermeasurementsof lengthandthicknessof
thecarcassor carcasscomponentsmadenopractical
contributionto the predictivevalueaftermarbling
scoreenteredthe equations.Subjectivemeasure-
mentsof carcassmusclingwere importantas pre-
dictorsof retailproduct.However,oncemarbling
scoreenteredtheequation,thecontributionof mus-
clingscorewas minimal.
Preliminarycorrelationanalysisof allcloselytrim-
medwholesalecutswithpercentageof retailprod-
uctindicatedthatthewholesaleroundandtherib
cutsweregoodindicatorsof closelytrimmedcarcass
retailproduct.Consequently,regressionequations
weregeneratedutilizingindependentvariablesde-
rivedfromcoolerobservationsandpartialcutoutof
the roundand rib. Equations5 and 13, involving
percentageof trimmedroundandpercentageof re-
tail productof the round,incorporatedadjustedFT
andtheactualpercentageof K andP fat.Variation
in actualK and P fat was morehighlyassociated
withvariationin retailproducthanestimatedK and
P fatasshownbytheresultsof thecorrelationanal-
ysis (table16).Actualpercentageof K and P fat
couldbe determinedif the roundwas processed;
subjectivitywould be removedfrom estimating.
Equations5 and 13 accountedfor 86.1 and 79.1
percentof the variationin percentageof retail
product,respectively.
Equations6 and 14 (involvingadjustedFT,esti-
matedpercentageof K and P fat, marblingscore,
28
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Table17.-Regressionequationsfor predictingpercentageof retailproduct
andpercentageof rib fat trim)werenotasaccurate
or reliableas equationsusingpartialcutoutof the
round.However,theequationdid accountfor 80.2
percentof thevariationin retailproductpercentage.
Chemicalfat compositionof the9-10-11thrib, in
additionto adjustedFT, REA,and percentageof K
and P fat, was usedin equations7 and 15andac-
countedfor 85.5percentof thevariationin percent-
ageof retailproductoverallsirebreeds.Equation7
was a significantimprovementoverequation1 in-
creasingtheR2by 10.1percentandreducingtheSE
by 23.8percent.
Equations8 and 16 (involvingindependentvari-
ablesadjustedFT,actualpercentageof K andP fat,
percentageof roundretailproduct,andpercentage
of chemicalfat of the 9-10-11th rib) providedthe
bestfit. Thetwo equationsaccountedfor 89.5and
84.0percentof thevariationin percentageof retail
productoverall and pooledwithinsirebreedsub-
classes,respectively.Standarderrorsof the respec-
tiveequationswere1.44and1.40percent.Equation
8 shouldprovidea usefulalternativeto complete
carcassprocessingfor determiningretail product
whereasmallerrorinestimationcanbetolerated.
Studyresultsindicatethatadequatealternatives
existto completecarcassprocessingto obtaininfor-
mationon retailproductyield. The accuracyand
reliabilityof thesealternativesare relatedto the
timeand resourcesprovidedfor laborand instru-
mentationrequiredto makecarcassobservations.
However,estimatesadequatefor manypurposes-
namely,groupaveragesinvolvinga largenumberof
observations-canbe madewith relativelysmall
input.
Conclusions
1. Percentagefatof thesofttissueof the9-10-11th
rib cut was the bestsinglepredictorof retail
product.
2. Partialretailcutoutof theroundortheribwasa
usefuladjunctfor predictingretailproduct.
3. Adjustedfat thicknesswas thesinglebestpre-
dictorof retailproductof traitsobservedin the
cooler.
4. Ribeyeareawasa betterpredictorof retailprod-
uctat constantcarcassweightsthanwhencar-
cassweightvariedgreatly.
5. Carcassweightwas of littlevaluein predicting
retailproductwhenusedin a multipleregression
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Subclass Partialregressioncoefficients
basis,and Estimated Actual Rib
equation Inter- AdiustedRibeyeKandP CarcassMarbling KandP TrimmedRound Ribfat chemical
number N SE R2 cept FT area fat weight scor 1 fat round Rp2 trim fat
Square
Inches inch Percent Pounds PercentPercentPercentPercentPercent
Ovrall:3 1 ____ 1121 2.23 .754 74.9 -17.77 .55 -1.47
2 ____ 1121 2.18 .765 75.6 - 16.08 .86 -1.42 -.0084
3 ____ 1121 2.11 .780 73.6 -16.50 .56 -1.23 ---- -.234
4 ____ 1121 2.05 .792 77.0 -14.66 .89 -1.17 -.0090 -.240
5 ____ 1121 1.68 .861 1.9 - 8.16 ____ ---- ---- ---- -.78 .89 .70
6 ____ 1121 2.00 .802 85.1 - 9.28 ____ -1.15 ---- -.219 ---- ---- ---- -.403
7 ____ 334 1.70 .855 87.0 - 8.01 .33 - .70 ---- ---- ---- ---- ---- ---- -.399
8 ____ 334 1.44 .895 37.4 - 5.66 ____ ---- ---- ---- -.911 ---- .65 ---- -.296
Within:4 9 ____ 1121 2.08 .655 75.8 -17.14 .37 -1.18
10 ____ 1121 2.02 .673 77.2 -14.59 .67 -1.06 -.0102
11 ____ 1121 1.99 .687 76.8 -16.10 .42 -1.07 ---- -.215
12____ 1121 1.92 .705 78.3 -13.54 .72 - .95 -.0103 -.215
13____ 11211.61 .791 34.2 -13.97 ____ ---- ---- ---- -1.20 .53 .44
14____ 1121 1.84 .730 83.3 - 9.38 ____ - .85 ---- -.186 ---- ---- ---- -.363
15____ 334 1.65 .781 86.2 - 8.52 .34 - .68 ---- ---- ---- ---- ---- ---- -.377
16____ 334 1.40 .840 35.3 - 5.68____ ---- ---- ---- -.85 ---- .66 ---- -.269-,
'Scored small- =10,small.= 11,small+= 12,andso forth.
2Percentageretail productof the round.
"Regressionequationswere computedover all breedof sire subclasses.
'Regressionequationswere basedon a pooledwithin breedsof sire subclassSS and CP matrix.
I,
'I
jl,i.
j!
iii,
II
III
II
\1
I
'I
,I
I
III
I
I
I
I
I
I
I
"
1!
equationandledto biasedresultswhenusedon
a carcasspopulationrepresentingmanybreed
types.
6. Adequatealternativesxistocompleteprocessing
of carcassesin determiningretailproductyields
with reasonableaccuracy.
PREDICTIVEVALUE OF CARCASS QUALITY GRADE FACTORS
FOR PALATABILITY CHARACTERISTICS]:;
DennisR. Campion]6
USDA(1965)beefqualitygradessegregatecar-
cassesintocategories(grades)thatdiffer in eating
characteristicsor palatabilityof cookedmeat.Be-
causeof promotionalenterprisebasedon thisprem-
ise,considerabledifferencesin economicvalueare
associatedwiththevariousgrades.Therefore,ability
of thesegradesto reflectdifferencesin palatability
is of greatimportanceto the consumerandto the
producer.
Figure 13 illustratesthe relationbetweenmar-
bling and maturityin determinggrades:marbling
is a subjectivescoreof intramyscularfat in the
ribeyeatthe12thrib;maturityis a subjectivevalu-
ationof physiologicagedeterminedfromtheskele-
ton and lean meat.Increasinglevelsof marbling
are requiredas carcassmaturityadvances.These
twofactors,marblingandmaturity,determinequality
grade.To arriveat thefinalqualitygrade,that is,
USDA Prime,Choice,Good and Standard,carcass
conformationmustalsobeconsidered.
Forcarcassesof A maturity,if conformationscore
is lowerthanquality,thefinalgrademaybe lower
thanthequalitygrade(again,marblingandmaturity
determinequalitygrade;qualitygradeandconfor-
mationscoredeterminethe final or USDAquality
grade).If conformationscoreis higherthanquality
grade,thefinalgradecannotexceedqualitygrade
in USDAPrime,Choice,and Good grades.Within
theStandardgrade,however,superiorconformation
cancompensatefor inferiorquality.Carcasseswith
Standardquality and superiorconformationcan
gradeno higherthanlow Good. In addition,final
qualitygrademaybe loweredby one-thirdor more
whenthe leantissueat the 12thrib appearsexces-
sivelydark,lackinginfirmness,or coarselytextured.
Inthisstudy,theUSDAqualitygradefactorswere
assessedto determinetheir usefulessas predictors
15Part of the results presented here were taken from D. R.
Campion, J. D. Crouse and M. E. Dikeman. Predictive value of
USDA beef quality grade factors for cooked meat palatability.
J. Food Sci. 40, 1225(1975).
1GResearchchemist, U.S. Meat Animal ResearchCenter, Agri-
cultural ResearchService, Clay Center, Nebr. 68933
of cookedmeatpalatabilityin carcassesof A matur-
ity andfromsteersthatdifferedwidely in growth
characteristicsand in bodycompositionat timeof
slaughter.
Experimental Procedure
Datawerecollectedon 496steers-asubsample
of all steers laughtedfrom1971through1973dur-
ingthecourseof CycleI of theGermPlasmEvalua-
tion Program.Thoughanimalswithin sire breed
groupsvariedinageandtimeonfeed,averageage
and timeon feed weresimilaramongsire breed
groups.Steerswerefed freechoicea postweaning
rationof cornsilageandconcentratethataveraged
2.8Mcalmetabolizableenergyper kg feed.
Thesteerswereslaughteredinacommercialpack-
ingplant.USDA(1965)carcassqualitygradefactors
and final gradewere determined24 hourspost-
mortemby representativesof theUSDAAgricultural
MarketingService,KansasStateUniversity,andthe
U.S.MeatAnimalResearchCenter.Color,firmness,
andtexturewerescoredusinga seven-pointscale.
Lowervaluesindicatedbrightercolor,firmerlean,
andfinertextureof the ribeye.Maturitywas sub-
jectivelyestimatedto one-thirdof a maturitylevel
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Figure 13.-Relation betweenmarbling,maturity,and quality.
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(1 =youngestmaturitywithinA maturity).Confor-
mationandfinalqualitygradeswerescoredto one-
thirdof a grade(10 =low Choice,11=average
Choice).Formarblingscores,a scalerangingfrom 1
to 27, with increasingvaluesindicatinghigherde-
greesof marbling(10=smallminus,11=average
small),was used.
-Therightsideof eachcarcasswastransportedto
KansasStateUniversitywhere1.25inch-thicksteaks
wereremovedfromthewholesalerib. Intramuscular
fat contentwas determinedby etherextractionon
the ribeyefromthe 12thrib steakafterstorageat
- 29° C. Frozen10th and 11th rib steakswere
thawedovernightat 2° to 4° C, cookedat 177°C
in a preheatedrotaryovento an internaltempera-
tureof 66° C, thencooledat roomtemperaturefor
about30 min beforecoreremovalandtastepanel
evaluation.
Six tastepanelmembers-meatscienceprofessors
and graduatestudentsat KansasStateUniversity-
evaluatedtenderness,flavor,juicipess,and overall
acceptabilityon a 9-point scale (1'=extremelyun-
desirable,9 = extremelydesirable)of corestaken
from the 10thrib. A scoreof 5 indicatedthatthe
panelistjudgedthesampleto beacceptablefor the
traitconsidered.Datawereanalyzedby correlation
and regressionprocedures.Computationswerede-
rived from the pooledsumsof squaresand cross
productswithinbreedof damandyearto remove
theseaverageeffects.
Two analyseswere conductedwith referenceto
sirebreeds,overallbreedgroups,andwithinbreed
groupspooledoverallsirebreeds.Overallrefersto
the amountof variationaccountedfor acrossall
breedsof sire,as if breedof sirewerenotknown.
Resultsfromtheseanalyseswouldbe mostapplica-
ble whenmakinginferenceto a populationof car-
cassesvaryinggreatlyin growthrateandfattening
characteristics.In the pooledanalysis,theeffectof
breedgroupmeansis removedandtheresultsindi-
catetherelativevariationwithinbreedcrosses.
Results
Leantextureshowedno significantrelationwith
organoleptictraitswith theexceptionof tastepanel
tendernesswhenanalyzedon anoverallbasis.Lean
firmnesswassignficantlycorrelatedwithtastepanel
juicinessin theoverallanalysisbutonlysignificantly
relatedto tastepanelflavoron the pooled-within-
breed of sire evaluations.Only slight amountof
variationwas associatedwith textureandfirmness
meanvalueseventhoughthe populationsampled
--
.-----------
was extremelydivergentin growthcharacteristics.
Colorof lean,on theotherhand,wassignificantly
correlatedwith tastepaneltenderness,flavor,and
overallacceptabilityfor both overalland pooled
withinsirebreedcorrelations.
In thepooledanalysisconformationwasnotcor-
relatedwith anyof thetastepaneltraits,whereas
maturityshowedsomerelationto tenderness.Mar-
blingscorewastheonlyfactorsignificantlyrelated
to allof thetastepaneltraits.No othergradefactor
rankedcloserin relationto anyof the palatability
traits.Forexample,marblingscoreis morethantwo
timesmoreimportanthanmaturityscoreand 11
timesasimportantasconformationscoreinaccount-
ingfor variationin tastepaneltenderness.Butin no
casedid marblingaccountfor morethan9 percent
of thevariationin anyof thetastepaneltraits.
Thebargraphin figure14depictstheamountof
variationin tastepaneltraitsaccountedfor by mar-
bling,maturity,andconformationwhenusedin a
multipleregressionequation.Whenusedsimultane-
ously,thepossibilityexistsfor thesethreefactorsto
accountfor 0 to 100percentof thevariationin traits
measuredby tastepanelists.If 100percentof the
variationwasaccountedfor,marbling,maturity,and
conformation,when given appropriateweight,
woulddiscernvariationin palatabilityattributesex-
actlythesameastheaverageof thepanelistsmea-
suredit.
Finalqualitygradefactorsaccountedfor atotalof
9 percentof thevariationin tastepaneltenderness
9
10
8
7
!E6
1&1
U
G::S
1&1
A.
4
3
2
6
TENDERNESS I'LAVOR .JUICINESS ACCEPTAIILlTY
TASTE PANEL
Figure 14.-Percentageof variationin taste panel traits accounted
for by marbling,maturity,and conformation.
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f\ onanoverallbasis.Marblingscoreaccountedfor ap-
proximately6 percentof thetotalvariationandwas
clearlythe mostimportantfactorin the equation.
Overall,when marblingwas usedaloneas a pre-
dictorof tenderness,it accountedfor 7.8 percent.
Themostsignificantpoint,however,is thatconfor-
mation,maturity,and marblingaccountedfor no
morethan10percentof thetotalvariationinpalata-
bilitytraits.Consequently,theircombinedpredictive
valuefor eatingcharacteristicsof youngcarcassbeef
mustbeconsideredlow.
Stratificationof meanvaluesfor selectedtraits
withinlevelsof marbling(table18)indicatedthatas
marblingscoreincreasedfrom6 (tracesplus)to 17
(averagemoderate)therewasanapproximatethree-
fold increasein percentageof ribeyechemicalfat.
Meanvaluesfor tastepaneltendernessandaccept-
abilitydiffered,however,butby lessthanoneunit
overthismarblingscorerange.Regressionof taste
paneltendernesson marblingscoreindicatedthat
marblingscorewouldhavetoch9f\ge15units(scor-
ingone-thirdof agradeonascaleof 1to27)within
f.
I
!
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Table 19.-Mean valuesfor carcasscomposition
andpalatability
sire breedsto effecta one-unit(scaleof 1 to 9)
changein tastepaneltendernessevaluation.
Mean values for taste panel traits increased
slightlyas finalqualitygradeincreasedfromStan-
dardto Prime(fig. 15).Becausea panelscoreof 5
meanthattheribsteakwasacceptablefor thatpar-
ticulartrait,thehighlevelof tendernessandaccept-
ability experiencedby the panelistsfor steaks
gradedlow Goodor higherwas obvious.In these
data,low Goodgradeis equivalento tracesplus
amountsof marblingand to 2.9 percentchemical
fat in theribeye.Choicerib steaks,however,rated
statisticallyhigher in overall acceptabilitywhen
comparedto Good gradesteaks.Butthe practical
significanceis nominalas the meanacceptability
scorefor Good graderib steaksdifferedby less
than0.4unitsfromChoicegradesteaks.
In this study,increasedtimeon feed was asso-
ciatedwith increasedmarblingscore,percentageof
chemicalfat intheribeye,andpercentageof fattrim
while percentageof retailproductdecreased(table
19).Theadditionaltimeon feedprovedcostlybe-
causepercentageof retailproductdecreasedfrom
69 to 66 percentand percentageof fat increased
from18to 22 percentin goingfromanaverageof
184 to 251 days on feed. Equallyimportant,in-
creasedtimeon feed did notsignificantlychange
tastepanelscores.
Federalgradespecificationsindicatethatthepur-
poseof includingconformationi finalgradedeter-
minationis to givesomeassessmentof yieldrather
thanpalatability.However,becausetheUSDAqual-
itygradesof carcassbeefare"merchandized"onthe
basisof palatability,conformationmustbe consid-
ered,unfortunately,asa palatabilityindicatingtrait.
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Table lB.-Stratification of mean values within levels of
marbling score
Tastepanel
Marbling Num. Ribeye Tender- Juici- Accept-
Degree Score ber fat ness Flavor ness ability
Abundant ____ 27 2 14.8 7.7 7.3 7.5 7.3
26 1 17.3 8.8 8.0 8.1 8.2
25 2 12.1 8.0 8.2 8.0 8.1
Moderately n_ 24 1 14.6 7.7 8.3 8.2 8.1
abundant 23 2 11.0 8.0 7.5 7.6 7.6
22 3 12.6 7.8 8.0 8.0 7.9
Slightly ______ 21 3 8.8 8.0 7.4 7.3 7.5
II
abundant 20 2 7.6 7.8 7.7 7.8 7.8
19 8 8.6 7.7 7.8 7.4 7.6
Moderate _____ 18 3 10.5 7.4 7.7 7.6 7.4
I' 17 17 8.1 7.8 7.8 7.3 7.7
11
16 15 7.6 7.6 7.5 7.2 7.4
i Modest _______ 15 27 7.8 7.5 7.6 7.2 7.4
I
14 40 7.0 7.4 7.5 7.3 7.4
13 28 6.0 7.0 7.3 6.9 7.1
I Small ________ 12 46 5.5 7.4 7.5 7.0 7.3
"
11 76 5.1 7.2 7.5 7.1 7.2
10 58 4.7 7.2 7.5 7.1 7.3
II
Slight -------- 9 65 4.3 7.3 7.5 7.2 7.3
8 39 3.4 7.1 7.5 7.0 7.1
I' 7 30 2.9 6.8 7.4 6.9 6.9
II Traces ________ 6 14 2.9 7.3 7.4 6.9 7.2
5 8 2.4 6.4 7.4 7.0 6.7
4 5 2.5 6.9 7.3 6.7 7.0
Practically ---- 3 1 1.4 4.1 6.9 5.4 5.1
devoid
Dayson feed
Trait 184 218 251
Between Between Between
Slight plus averageSmall average
and and Modestand
Marbling score Small minus Small plus Modestplus
Ribeyefat _____percent__ 4.5 5.3 6.4
Fat trim ______percent__ 18 20 22
Retailproduct__percen'-. 69 67 66
Taste panel scores
tenderness___________ 7.4 7.2 7.2
flavor _______________ 7.5 7.5 7.5
iuiciness ------------ 7.2 7.0 7.2
acceptability_________ 7.3 7.3 7.3
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Figure IS.-Graphic illustration of changesin taste panel overall acceptabilityand tendernesswith changesin final quality grade.
Becausean officialUSDA yield gradingsystemis
nowavailable,conformationdoesnotappearto be
a usefulfactorin thequalitygradestandards.
Conclusions
1. Marblingwas theonly palatabilityindicatorsig-
nificantlyrelatedtoall of thetastepaneltraits.
2. Thecomponentsof finalqualitygrade(conforma-
tion,maturity,marbling,andcolor,firmness,and
textureof lean)accountedfor no morethan10
percentof thetotalvariationin palatabilitytraits.
GPO 812-4157-1
3. Palatabilityof rib steaksfromsteers,15 to 18
monthsold anddifferinggreatlyin growthchar-
acteristicsand body compositionat time of
slaughterwas acceptablewhenthe ribeyecon-
tainedas littleas 2.9 percentchemicalfat (the
equivalentof Goodminus).
4. Increasedtimeon feed wasassociatedwith in-
creasedexternaland intramuscularfatnessbut
did notresultin a netchangein tastepaneleval-
uations.
5. Conformationservedno usefulpurposein the
qualityevaluationof youngsteercarcasses.
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